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EXECUTIVE SUMMARY 

This document presents the work plan for the Resource Conservation and Recovery Act (RCRA) 

Facility Investigation (RFI)/Remedial Investigation (RI) of the Operable Unit Number 3 (OU 3) at the 

Rocky Flats Plant (RFP) Jefferson County Colorado This work plan includes a field sampling plan 

(FSP) that presents the investigation planned to evaluate the presence or absence of contamination 

at lndnridual Hazardous Substance Srtes (IHSSs) wrthin OU 3 The FSP presented in this work plan 

is based on the requirements of the Interagency Agreement (IAG) among the Department of Energy 

(DOE) the Environmental Protection Agency (EPA) and the State of Colorado Department of Health 

Four IHSSs as identified in the IAG are included in OU 3 They are IHSS 199 (contamination Of the 

Land s Surface) IHSS 200 (Great Western Reservoir) IHSS 201 (Standley Lake) and IHSS 202 

(Mower Reservoir) 

Section 1 0 of this work plan presents introductory information and a general characterlzation of the 

region and plant stte In addition the regional geology and hydrology at Rocky Flats are discussed 

Section 2 0 presents descriptions of the stte physical characteristics histories and previous investi 

gations available information concerning the nature and extent of contamination and conceptual 

models for each of the 4 IHSSs based on existing data This inrtial charactertzation forms the basis 

for establishing data needs data quality objectives (DQOs), and developing an FSP for each IHSS 

Section 3 0 presents applicable or relevant and appropnate requirements (ARARs) developed for 

OU 3 Section 4 0 outlines RFI/RI tasks to be performed Section 5 0 establishes data needs and 

DQOs considenng srte characteristics and conceptual models of each IHSS in OU 3 A FSP based 

on the requirements of the IAG is presented in Section 6 0 to satisfy the data needs and DQOs 

identrfied in Section 5 0 The Human Health Risk Assessment Plan and Environmental Evaluation 

Plan and Sampling Plan are presented in Sections 7 0 and 8 0 respectively Section 9 0 presents 

the general schedule for the RFI/RI tasks A Qualm Assurance Addendum and Standard Operating 
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Procedure Addenda (SOPA) are presented in Sections 10 0 and 11 0, respectwely A list of refer- 

ences is presented in Section 120 

The IAG also required preparatton of separate hstoncal informatm Summanes and preliminary 
human heatth nsk assessments for IHSS 199 and IHSSs 200 to 202. The Final Past Remedy Report 

Operable Unit No WHSS 199 (DOE 1 99la) and the Hfstoncal Information Summary and Prellmt- 

naryHealthRlskAssessmentOperaM e Unit No 3 IHSS 200 to 202 (DOE, 1991b) were approved by 

EPA in May 1991 and June 1991, regpectnrely These reports descnbe OU 3 SRe physlcal and che- 
mical characterisms provlde synopses of environmental investigettons conducted to date at OU 3 

formulate conceptual models for contaminant fate and m&kty, prowde preliminary human health 

nsk assessments based upon exsting data, and i d e m  addmonal data needed to support a 
detaled stte characterization and the Baseline Risk Assessment (BRA) (Human Health Risk Assess- 

ment and the Envlronmental Evaluahon) for OU 3 m e  informatton in these OU 3 reports was used 

to support the Site Characternabon (Smon 20) and development of Wos (Section 5 0) in ths 

work plan 

DQOs have been developed for thls RFyRl investgation DQOs are qualnabve and q m  ' e  
statements that descnbe the qual* and quanbty of data required by the RFI/RI The DQo ProceSS 

IS d d e d  into three stages Through application of the W O  process, site-speclhc RFVRl goals LVB 
established and data needs are identtfied for achming these goals 

The follOwIng goals of the OU 3 RFI/RI have been ldenhfied 

0 Characterne the physrcal features and ecological charactenstm 

Charactwe the nature and extent of plutonium (Pu), amenctum (Am), and uranium 

(U) contaminabon at each IHSS in each mediathat is a pot- exposure pathway 

0 Assess the presence or absence of ather chemicals that may be in OU 3 in sedr- 

ments and surface waters 
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0 Collect data to support the Human Health Risk Assessment 

0 Collect data to support the Environmental Evaluation 

Wlthin these broad objectives srte-spechc data needs have been identhed based on the concep 

tual models and preliminary identrfication of contaminant specrfic ARARs for OU 3 and data needs 

for the BRA The FSP is bnefly summarized below 

SOIL 

Surface soil samples will be collected wrthin an area that extends approximately 3 miles (mi) east Of 

Indiana Street and over 4 mi north-south along the entire eastern boundary of the plant utilizing a 

grid wrth 1 000 meter (m) spacing The grid also extends to the north and south of the RFP buffer 

zone Vertical profile soil samples will also be collected in undisturbed areas Soil samples will be 

analyzed for Pu, Am U total organic carbon (TOC) bulk density and grain Slze 

SEDIMENT 

Sediment samples will be collected in the OU 3 drainages and in the three reservoirs Sediment 

samples will also be collected along the shores of each of the reservoirs Sediment samples will be 

analyzed for Pu Am U target compound list (TCL) volatiles in Mower Reservoir and associated 

drainage target analyte list (TAL) metals TOC bulk denslty and gram Slze 

SURFACE WATER 

Surface water samples will be collected in the OU 3 drainages and in the three reservoirs The Sam 

ples will be analyzed for Pu AM U gross alpha gross beta TAL metals cations/anions dissolved 

oxygen pH and specrfic conductance The cation/anion analyses will be used in the aquatic evalu 

ations TCL volatiles will also be analyzed in Mower Reservoir for site characterization 
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GROUNDWATER 

Two groundwater monnonng wells will be installed near Great Westem Resetvolr and two ground- 

water monttonng wells wll be installed near Standley Lake The groundwater samples WIII be 

analyzed for Pu AM, U, gross alpha, gross beta and catton/anions for slte charactemation 

AIR 

k r  samples will be collected using a wind tunnel in low-lying areas along the shores of Great 

Western Reservoir and Standley Lake, and in a vegetated area of OU 3 Two continuous ultra hi- 

volume ar samplers will also be installed near Standley Lake The sur samples mll be analyzed for 

Pu Am andu 

TERRESTRIAL BIOTA 

Qualmwe and quantnatwe field surveys mll be conducted Vegetabon, wldltfehabmt types, and 

wetlands/npanan zones will be ldenMied as part of the qualltatlve surveys Vegetation (above- 

ground bmmass) wetlands vegetation and small mammals mII be sampled as part of the 

quantltatlve surveys and analyzed for Pu Am and U 

AQUATIC BIOTA 

Benthic macroinvertebrates, penphyton, and fish will be sampled and analyzed for Pu Am U and 

TAL metals 

Data collected dunng the OU 3 RFI/RI will be incorporated into the emsting Rocky Flats Emronmen- 

tal Database System (RFEDS) database These data will be used to better define Me 
charactenstics, source charactenstm, and the nature and extent of contamination and to support 

the BRA (Human Health and Emronmental Evaluabon) An RFI/RI repon will be prepared summa- 

mng the data obtained dunng the field investigation program and contaming the BFtA. .- 
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1 0 INTRODUCTION 

This document presents the work plan for conducting the Resource Conservation and Recovery Act 

(RCRA) Facility Investigation/Remedial Investigation (RFI/RI) of Operable Unit No 3 (OU 3) at the 

U S Department of Energy (DOE) Rocky Flats Plant (RFP) Existing information is summanzed to 

charactenze OU 3, and a field sampling program IS developed to assess the nature and extent of 
contamination at the four lndwidual Hazardous Substance Srtes (IHSSs, or Sites) which comprise 

OU 3 IHSS 199 (Contamination of the Land s Surface) IHSS 200 (Great Western Reservoir) 

IHSS 201 (Standley Lake) and IHSS 202 (Mower Reservoir) The OU 3 RFI/RI is part of an ongoing 

program of Site characterlzations remedial investigations feasibilrty studies and remedial actions at 

the RFP 

1 1 DOE ENVIRONMENTAL RESTORATION PROGRAM 

Investigations and remediation of RFP OUs are being conducted under the DOE Environmental 

Restoration (ER) Program The ER Program IS designed to investigate and, Q necessary, remediate 

contaminated sites at DOE facilities The program involves five major actwrties 

0 Activity 1 -Installation Assessments including preliminary assessments and Site 

inspections to assess potential environmental concerns 

0 Activity 24emedial Investigations including the development and implementation 

of field sampling programs to determine the magnitude and extent of contamination 

at speclfic sites the evaluation of contaminant fate and mobilrty in the environment 

and the performance of Baseline Risk Assessments (BRA) 
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e ActMty3-FeasibilHy Studies to evaluate remedlal alternatms and develop 

remedial action plans as necessary, to remediate mtes ~IenMied dumg Achvlty 2 

e Actw 4-Remedial Designs/Rernedial Action8 including design and implementa- 
tion of sne-spec& remedial mons selected on the basis of Actnrity 3 Feasibility 

Studus 

e AdMty 5-Complknce and Verification to monitor and assess the performance of 
remedlal acbons implemented under Actnrrty 4 and to document thew effcacy 

ActMty 1 has been completed for the RFP (DOE, 1986) The OU 3 RFVRl Work Plan falls under 

ActMty 2 

1 2 WORK PIAN SCOPE 

The scope of the OU 3 RFIBI IS denved from the Interagency Agreement (IAG) between the U S 

Enwonmental Protectm Agency (EPA), the Colorado Department of Heakh (CDH), and the DOE 

(EPA1991) TheIAGdesMlbesthegeneralresponseprocessesforlHSSsattheRFP TheseSnes 

are grouped into 16 OUs one of whlch IS OU 3 The RFIBl and all respome act*htles performed by 

the DOE under the IAG are to be consstent the Comprehenshre Emronmental Response, 

Compensatron and habiluy Act (CERCLA), the RCRA, the National COntrngenCy Plan (NCP), and 

the Colorado Hazardous Waste Act (CHWA) Pertinent EPA guidance documents h b d e  the 

Gu~lance for Conduchng Remedial Invesbg ations and Feasibility Studies Under CERCLA (EPA, 

1988) and lntenm Final RCRA Faclllty lnvestfg mon (RFI) Gudanee (EPA, 1989a) RFP OUS are 

classfled under the IAG as 

1 Statelead OUs that CDH will address primarily under RCRA and CHWA @ut also will 

address CERCLA requirements as appropnate) 
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2 EPA lead OUs that EPA will address primarily under CERCLA (but also will address RCRA 

and CHWA requirements as appropriate) 

3 Joint EPA CDH lead OUs which will incorporate elements of RCRA CERClA and CHWA 

OU 3 has been designated an EPA lead OU 

Section VI of the IAG Statement of Work (Attachment 2 of the IAG) spells out ObjectweS for RFI/RI 

work plans at the RFP The pnmary objectwe of the OU 3 RFI/RI is to conduct a detailed stte char 

acterization which meets the following goals 

0 Define OU 3 site physical characteristics 

0 Define sources of contamination 

e Describe the nature and extent of contamination 

0 Describe contaminant fate and transport 

Provide data to support a BRA to establish the baseline risk for the OU and to 

evaluate the need for Interim Measures/lnterim Remedial Actions (IM/IRAS) 

This work plan is organlzed into the following sections 

0 Section 1 0 provides introductory information and a general charactenzation of the 

RFP and the surrounding region 

0 Section 2 0 presents a characterization of OU 3 stte condttlons, previous environ 

mental investigations available information regarding the nature and extent of con- 

tamination and conceptual models for the soils (IHSS 199) and the reservoirs 
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(IHSSs 200, 201, and 202, including fate and transport of contaminants for each 

Pathway) 

0 

0 

0 

0 

0 

0 

Section30 identmes potential AppllcaMe or Relevant and Appropriate 

Requirements (ARARS) for OU 3 

Section 4 0 ident- Specmc RFI/RI tasks to be performed 

Section 5 0 estaMlshes data needs and Data Quality ObpcWes @a&) based 

upon the slte charactemation informatm presented in Sectlon 2 0  

Section 6 0 presents a Field Sampling Plan (FSP) to satsfy the data needs and 

DQOs identfied in Sechon 5 0 

Section 7 0 presents the Human Health Rlsk Assessment Plan for OU 3 

Section80 presents the Environmental Evaluation Work Plan ( E M )  and 

Sampling Plan for OU 3 

Section 9 0 provides a schedule for completion of the RFI/RI tasks identmed in 
Section 4 0 in accordance wlth the scheduling requirements of the IAG 

Section 10 0 provides a Qual9 Assurance Addendum (W) for quallty assurance 

ssues specmcally related to the OU 3 RFI/RI 

Section 11 0 prowdes Standard Operating Procedure Addenda (SOPA) for proce- 
dures specfic to the OU 3 RFI/RI 

Section 120 prowdes references 
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0 Appendix A presents the Conceptual Model Pathways 

0 Appendix B is a summary of results from sampling logs along Indiana Street 

0 Appendix C presents power curves based on historical data 

0 Appendix D describes the design of optimal strategy for sampling plutonium (Pu) 

and amenciurn (Am) in soils of OU3 

0 Appendix E presents the plutonium 238 and 239/240 testing of the surface soil on 

the Conda Spicer and McKay gravel lease properties on the Rocky Flats West 

Buffer Zone 

Included in the IAG required actions for OU 3 are the preparation of historical information summanes 

and preliminary human health risk assessments for offstte soils (IHSS 199) and offsde reservoirs 

(IHSSs 200 201 and 202) The two reports have received approval by EPA and CDH (DOE 1991a 

DOE 1991 b) These reports describe OU 3 stte physical and chemical characteristics provide 

synopses of environmental investigations conducted to date at OU 3 formulate conceptual models 

for contaminant fate and mobillty provide preliminary human health risk assessments based upon 

existing data, and identlfy data gaps that must be filled in order to support a detiuled slte 
charactenzation and BRA under the OU 3 RFI/RI The information in these OU 3 reports was used 

to support the Site Characterization (Section 2 0) and development of DQOs (Section 5 0) in this 

work plan 

1 3 REGIONAL AND RFP SITE BACKGROUND INFORMATION 

The following subsections provide general information on the RFP and the surrounding region 

including RFP history regional land use and population data and site conditions 
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1 3 1 RFP Mission and History 

The RFP IS part of a nationwide nuclear weapons complex owned by DOE The facdity is contrac- 

toraperated by EG&G Rocky Flats Inc (EG&G) as a nuclear weapons research, development, and 

production complex The RFP fabncates components for nuclear weapons from plutonium, uranium, 

beryllium, and starnless steel Support aczNltres include chemical fecov~~y and punfication of 

recyclable transuranic radionuclides and research and development in metallurgy machmmg, 
nondestru-e testing coatings remote engineering chemistry and physics (DOE 1988) 

ConstructKM of the RFP began in 1951 and the first production activbs commenced the following 

year Operat~on of the RFP fell under the administration of the US Atomc Energy Commlsslon 
(AEC) from 1951 until the AEC was dissolved in January 1975 Responsibility for the plant was then 

transferred to the Energy Research and Development Adminiwatton (ERDA), which was succeeded 

in 1977 by DOE Dow Chemlcal USA was the pnme operating contractor of the facility from 1951 

until 1975 Rockwell international succeeded Dow Chemical USA from 1975 through 1989, when 

EG&G assumed RFP operations 

1 3 2  Physicalsetting 

The AFP IS sttuated on 6,ssO acres ,a) (2 650 hectares [ha]) of federal property in Jefferson 

County, Colorado 16 miles (mi) (26 kilometers [km]) northwest of downtown Denver The 385 aC 

(156 ha) main production fac~lrty of the RFP whin the plant's controlled area, fs surrounded by a 
6,150 ac (2 491 ha) buffer zone that delineates the RFP boundary (Figure 1-1) 

1 321 Climatology 

The RFP area has a semiand climate typical of the Rocky Moumn region Locd Climatokgy Is 

controlled in large part by the nearby slopes of the Front Range 
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Winds m the area are vanable in drrmon but are predominantly from the west (westerly) Stronger 

winds occur during the winter months and the area occasionally experiences gusts in excess of 
100 miles (mi) per hour Area temperatures are moderate, extreme hot or cold weaher typtcally is 

of short duration Average summer temperatures range from 55 to 85 degrees Fahrenheit (OF) or 

13 to 29 degrees Celsius (“c), while winter temperatures typically range from 20” to 45°F (e to 7%) 

(DOE, 1980) 

Average total precipmion for the RFP area is approximately 15 mches per year (in/yr) (38 Cdyr), 

wrth 40 percent of this falling during the spring Snowfall averages 85 in/yr (21 6 cm/yr) (DOE, 1980) 

Ranfall intensity and duration vary widely During a &year hydrological study of the RFP between 

1972 and 1975 rainfall intensfiles vaned from e0 1 inches per hour (in/hr) (e0 25 centimeters per 
hour [cm/hr]) to approximately 0 5 in/hr (1 25 cm/hr) (USGS 1976) Frontal storms with long, low- 

intensity rainfall durations occur in the autumn and early spnng, while short, intense cloudbursts are 
frequent m the late spnng and summer months 

1322 Physlqgrapq 

The RFP is situated at an elevation of approximately 6,000 feet (ft), or 1,830 meters (m), above mean 
sea level, on the western margin of the Coiorado Piedmont section of the Great PI~I~Is P m  

graphic Province (Fenneman, 1931) The site is located where the Colorado Piedmont IS terminated 

abruptly by the Front Range section of the southern Rocky Mountains. The Front Range 11585 to 

elevations of 12,OOO to 14 Ooo f~ (3,660 to 4 270 m) to the west of the RFP sne 

The Colorado Piedmont represents an old erosional surface along the eastem margin of the Rocky 
Mountains It IS underlain by gently dipping sedimentary rocks which are abruptly upturned at the 
Front Range to form hogback ridges parallel to the mountain front The ptedmont surface is broadly 

rolling and slopes gently to the east with a topographic relief of several hundred feet (approximately 
100 m) This relief IS mbuted both to resistant bedrock untts that nse above the landscape and to 

incised stream dmnages Mapr stream valleys run predominantly from west to east in the area. 

Numerous local valleys from minor tnbutanes also extst (DOE 1980) 
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In the RFP area a series of Quaternary pediments have been deposaed across the gently rolling 

piedmont surface and incised by several minor drainages The RFP is located on a relatlvely flat 

Surface formed by one such pediment The pediment has been eroded by creeks on the north and 

south to form a terrace that ranges in height from 50 to 150 ft (15 to 46 m) The grade of the 

dissected pediment surface ranges from 0 7 percent at the RFP to approximately 2 percent just east 

of the plant (DOE 1990) 

1 3 3 Geologic Setting 

The RFP is located on the northwestern flank of the Denver Basin an asymmetric syncline that 

formed dunng the late Cretaceous Laramide Orogeny The western limb of the basin dips steeply to 

the east while the eastern limb dips gently to the west The axis of the basin is located 
approximately 10 mi (1 6 km) east of the RFP 

1 3  3 1 Bedrock 

The Cretaceous age Arapahoe Formation underlies surficial deposlts in the RFP area The maxi 

mum thickness of the formation in the area is approximately 270 ft (82 m) The Arapahoe Formation 

consists of fluvial claystones wah interbedded discontinuous sandstone and siltstone lenses, and 

channels The lower half of the formation contains more sandstones than the upper hatf Bedrock 

dips beneath the RFP are approximately 2 degrees to the east (EG&G, 199Oa) 

A major erosional surface developed in the RFP area during late Tertiary time completely removing 

two formations overlying the Arapahoe Formation and eroding into the Arapahoe Weathering pene 

trates the Arapahoe Formation beneath surficial deposrts to a depth of 10 to 40 ft (3 to 12 m) (DOE 

1990) Drainages eroded into the formation were infilled by later surficial deposits The top Of the 

bedrock surface beneath the surficial deposrts generally parallels the ground surface topography, 

wrth bedrock lows along existing drainageways and creeks (EG&G 199Oa) 

I 
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The Arapahoe Formation IS directly underhn by the Laramie Formation, a fluvial sequence of sanb 

Stones, srltstones, claystones, and coal The upper Laramie Formatb, which subcrops immediately 

west of the RFP, consists of some 750 R (230 m) of claystone Underlying the Laram@ FOrmabon 
are up to 10,OOO ft (3,280 m) of Paleozotc and Mesozoic sedimentary rocks. To the west of the RFP, 
reststant sedimentary unm form ndges where they are upturned along the flank ofthe Front Range 

I 3 3 2 ~urficiai ~epoum~ 

Sutficial deposits in the RFP area m i s t  of unconsolidated Quaternary-age una which unconfomF 
ably overlie the Arapahoe Formahon and other subcropping bedrock units The RFP IS located on 

a terrace capped by Rocky Flats Allmum, which IS the oldest and topographically highest of the 
surficlal deposns in the area The Rocky Flats Alluvium IS a sems of laterally coalescing fans 

deposrted by streams Bedding IS uncommon The una consists of sand, day, alt, gravel, cobbk, 

and occasionai bouiders and IS weakly to moderately cemented with caliche (calclum carbonate) in 
some areas 

Younger alluvlal deposits exlsting topographically below the Rocky Flats Alluvium indude the Verdos 

and Slocum Allmums These deposrts consist largely of drainage infilling with m r k e d  Rod<y 

Flats Alluvium 

dramages in the RFP area (DOE 1990) 

In addttion, actwe deposition of valley fill alluvium is occurring within 

The following sections contain general information about the surface water and groundwater SYS- 

tems in the RFP area. 

1 3 4 1  S u m  Water 

Several ephemeral streams flow through the RFP area Three of these streams (North Walnut 

Creek, South Walnut Creek, and Woman Creek) onginate within the RFP boundary and flonr 
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generally eastward from the plant site The Walnut Creek and Woman Creek drainages wrthin the 

boundary of the RFP are being investigated under the IAG as OU 5 and OU 6 respectlvely A 

fourth ephemeral stream Rock Creek originates in the Buffer Zone northwest of the main 

production faciltty and flows northeast from the RFP (Figure 1-2) Other surface Water features in 
the vicinrty of the plant include a complex network of manmade dnrersions and impoundments RFP 

surface water features are shown in Figures 1 2 and 13 Flow into and within these features resutts 

from direct surface runoff baseflow from groundwater and diversions and wastewater from human 

related activities A srtewide study of the hydrology of the RFP determined that surface runoff in the 

Woman Creek basin averages only 1 4 percent of rainfall indicating either a high soil infiltration rate 

or high surface retention capacrty This figure was based on records for longduration, low intensity 

preciprtation runoff may be much higher for a short-duration, high intensrty event (USGS, 1976) 

1 3 4 2 Groundwater 

Two groundwater systems exist in the RFP area an unconfined system which is present in 
saturated surficial deposrts (the upper hydrostratigraphic unit) in many areas of the RFP and a 

confined system in claystones and sandstones of the underlying Arapahoe Formation (the lower 

hydrostratigraphic unit) (USGS 1976) The shallow unconfined system is recharged by infiltration 

from incident precipitation and from surface and baseflow water (such as drainages and reservoirs) 

Groundwater flow is generally to the east and towards drainages Groundwater locally discharges 

as seeps or springs in drainages, especially where the surficial deposrt/bedrock contact is exposed 

Large water table fluctuations may occur in the shallow system in response to seasonal Variations in 
recharge and discharge with the highest water levels generally occurring dunng the months of May 

and June and the lowest water levels generally occurring in January and February As a result of 

these fluctuations the lateral and vertical extent of saturated surficial deposits vanes Seasonally 

Several past studies have measured hydraulic conductivity in the upper and lower 

hydrostratigraphic units using drawdown recovery tests pump tests packer testing and slug testing 

on selected wells (USGS 1976 HydroSearch 1985 Rockwell 1988a) Recent work has estimated 

hydraulic conductnrrties for RFP geologic units at 10 centimeters per second (cm/sec in the Rocky 

Flats Alluvium 10 cm/sec in subcroppings Arapahoe Formation sandstones 1 Ob cm/SeC In 
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unweathered Arapahoe Formation sandstones, and 10 cm/sec in both 

Arapahoe Formation claystones (EG&G in press) 
and unweathered 

Confined groundwater in the lower hydrostratigraphic unit extsts primly in lentdar sandstone 

bodies within claystone Groundwater flow in the upper hydrostratgraph= unit occurs in the uncon- 
soldated Quaternary surficral deposits and the shallow sandstone Whin the bedrodc Recharge to 

ths unl corwwts of infiltration from streams and precipnation The lower hydroetmhgraphc unit IS 

found in the deeper bedrock sandstones whlch exhibit confined c o n d m  Recharge to thw Unit 

occur pnmanly from baseRow and leakage from the overlying claystone Groundwater in the lower 

hydrostratlgraphlc unl flows east towards a regional discharge area along the South Platte Wer, 

some 20 mi (32 km) east of the RFP Calculated horizontal linear Haw velocities for the System 

average 0 1 Wday (0 03 Wday) in the sandstones and approxmately &la* Wday (27xla* m/day) 
in the claystone (USGS 1976 HydmSearch 1985) 

1 3 5  Ecology 

The BCOSyStemS in the RFP area and surrounding region are typlcal for foothill, mne, and Mgh 

plains portion of Colorado and include aquabc and terrestnal ecosystems The aquatic 8eOSyStemS 

include perennial and intermittent streams, and manmade ditches, canals, ponds, and resenrdrs 

Terrestnal ecosystems occur on all dramages slopes, and uplands Many of the natural 

ecosystems have been converted to other uses, such as commeraal and mdenbal  develop^ 

agnCUltUW and rangeland grazing, and water control and storage The remaining 8cosystms h e  

experienced some effects from surrounding land use and few or no prisbne areas exst in the wanity 
of the RFP However some areas vuthin the RFP buffer zone have not been disturbed for 20 or 
more years 

The pnncipal components of the aquatc Bcosystems are the penphyton, phytoplankton benthic 

macranvertebrates, amphibians, and fish The type of aquatic communities and divemty of species 

in each of these components IS dependent on the type of substrate, water CharacterWs (such as 
depth and flow regime water quality, c r e e k  or pond morphology), water management practiceS, and 

DEN/FUTS15/009 51 OU 3 Findl20B91 



EG&G ROCKY FLATS PLANT 
RFI/RI Work Pian for OU 3 

Section 
Revision 
Page 
Effectwe Date 
Oraanization Category Final 

1 
2 

17 Of 32 

season Fish species are most abundant in the larger ponds and reservoirs and are mostly absent 

in the intermrttent streams 

Vegetation in the terrestrial ecosystems is representatwe of high plains and foothill ravine regions 

and includes native grassland wah tall and short prairie grass species and associated shrubs and 

forbs Ripanan and wetland vegetation occurs along drainages and around springs and seeps 

Portions of the grasslands and riparian vegetation have been converted to other land uses and the 

grasslands have been and are being grazed as rangeland 

Flora in the RFP area are representative of lower mountainous and foothill ravine regions and 

include species of tall and short praine grass Riparian vegetation occurs along drainages and in 

wetlands None of the vegetatwe species present at the RFP are reported to be on the endangered 

species list (EG&G 1991a) Many of the disturbed areas of the RFP have been revegetated Since 

establishment of the plant using nattve or introduced species 

The fauna inhabrting the RFP area are typical of western prairie regions The most common large 

mammal IS the mule deer There are a number of small carntvores, such as the coyote red fox 

stnped skunk and long tailed weasel Numerous small herbtvores are found throughout the area, 

including the prairie dog pocket gopher whae tailed jackrabbit and the meadow vole Birds corn 

mon to the area include the western meadowlark horned lark, mourning dove and vesper sparrow 

Rlldeer red winged blackbirds and a variety of ducks are seen near ponds Mallards and other 

ducks frequently nest and breed on RFP ponds Birds of prey in the area include the marsh hawk 

red tailed hawk ferruginous hawk rough legged hawk and great horned owl Bull snakes and 

rattlesnakes are the most frequently observed reptiles Eastern yellow bellied racers are dS0 

observed The eastern short horned lizard has been reported on the RFP but these and other 

lizards are not commonly observed The western painted turtle and the western plains garter snake 

are found in and around ponds in the area (DOE, 1980) 
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The U S  Fsh and Wildllfe Servlce (USWS) has induxted that the two endangered Species of 

interest in the RFP are the bald eagle and the black footed ferret (Rockwell, 1988c) Pmrie dog 

towns provide the food source and habnat for ferrets 

1 36 Demographics 

The populatton, economics and land use of the areas surrounding the RFP are described in a 1989 

Rocky Flats vicinlty demographtcs repon by DOE (DOE, 1991d) The report dlvldes general use o f  

areas wtthin zero to 10 mi (zero to 16 km) of the RFP into resldemial, commercial, ndlrstnal, parks 

and open spaces agncuttural and vacant, and imutmal classificabiorrs, and considers current 
and future land use near the plant 

1 3 6 1 Current PoDulatbn and Land Use 

The mqonty o f  residential use whin 5 mi (8 km) of the RFP is located immediely north and 

southwest of Standley Lake (IHSS 201) Single-family dwellings are located in uninmporated areas 

immedtately east and south of the RFP Figure 14 shows the 1989 populatm dimbution whin 
areas up to 5mi from the RFP Commercial development IS concentrated near the msdmtml 
developments notth and southwest of Standley Lake, and around the Jefferson County krport 
approximately 3 mi (4 8 km) northeast of the RFP Industrial land use wkhm 5 m (8 km) of the plant 

IS limited to quarrying and minng operations Open Space lands are located MHtheast o f  the RFp 
near the Crty of Broomfield, and in small parcels adpining major drainages and small n@$bOmOod 

parks in the citres of Westminster and Arvada Standley Lake IS surrounded by standby Lake Park 
lmgated and nonimgated croplands, producing pnmarily wheat and barley, are located northeast o f  

the RFP near the crbes of Broomfield, Lafayette, and Louisville north o f  the RFP near Larisvllle and 

Boulder, and in scattered parcels adpcent to the eastern boundary d the plant. Several horse 

operatrolls and small hay fields are located south of the RFP The demographics mpXt 

characternes much of the vacant land adjacent to the RFP and the ~ e s ~ c v o l r s  as rangeland W E  

1991d) 
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1 3 6 2 Future Population and Land Use Projedons 

Future land use in the vrandy of the RFP most likely involves continued suburban expansion, 

increasing the densny of remdemal, commercial, and perhaps industrial land use in the areas The 

expected trend in populatmn growth in the vrandy of the RFP IS addressed in the DOE demo- 
graph- study (DOE, 1991d) Thls repon cons&rs expected vanat~ons in population de- by 

companng the current (1989) setting to population propaions for the years 2OOO and 2010 A 

21-year profile of protected populabon growth in the vlclnny of the RFP can thus be examined The 

DOE projectom are based pnmanly upon long-term popuktmn propctms developed by the 
Denver Reglonal Council of Governments (DRCOG) Expected populasion dens@ and distnbubon 

around the RFP for the years 2OOO and 2010 are shown in Flgwes 1-5 and 1-6, respectnrely 

Table 1-1 summanzes the population data presented in Figures 141-5, and 1-6 

1 3 7 RFP Hazardous Substances 

RFP operations generate nonhazardous, hazardous, radibamve, and mo<ed r a d i i 0  waste 

streams (DOE, 1988) Hatardous substances which have been detected in the environment On the 

RFP as a result of RFP operahons include vanow radmucllcles, nonradioactive metals, Vdatile 

Organrc Compounds (VOCs), seml-volatile organic compounds and Morganic KMS These 

substances have been detected through routine environmental monitmng conducted by the RFP 
(See Subsection 1 38) and/or during investigations of RFP OUs Herbicides, whlch have been 

applied in the past at vanous locations on the RFP have also been detected 

The IAG identifies 178 IHSSs at the RFP, 113 of which are whin the RFP boundary As mentnllgd 

in Subsection 1 2, these JHSSs have been grouped into 16 OUs A number of the IHSSS consist of 

multiple release bcamns which are grouped together as a single IHSS because of srnlhr 

contaminant charactensbcs RFP IHSSs have been ldenhfied pnmanly on the basis of RFP records 

and employee inteMews RFI/RI field actmies have not yet commenced at most of the 16 RFP 

OUs, meaning that most of the lHSSs have been charactenzed only on the basis of hlstorical 
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TABLE 1-1 

CURRENT AND PROJECTED POPULATION IN THE 
VICINITY OF THE ROCKY FLATS PLANT 

Segment 
Sector B C D E F G  H Sum 

Year 1989 
1 0 
2 0 
3 5 
4 0 

300 5 

SUM 305 

- 

Year 2000 
1 0 
2 0 
3 5 
4 0 
5 1 289 

0 
0 

13 
22 
13 

48 

- 

0 
0 

13 
21 4 
566 

SUM 1294 

Year 2010 
1 0 
2 0 
3 5 
4 0 
5 2 189 

793 

0 
0 

13 
389 

1 069 

SUM 2194 1 471 

0 0 0  
0 0 0  
0 0 0  
0 283 46 

25 3671 477 

25 3954 523 

- - -  

0 0 0  
0 0 0  
0 0 0  
7 472 96 

25 4372 542 - - -  
32 4844 638 

0 0 0  
0 0 0  
0 0 0  

14 644 142 
25 5009 601 - - -  
39 5653 743 

0 0 0 
0 0 0 

17 0 35 
50 215 616 

578 2355 7419 

645 2570 8070 

- - -  

0 0 0 
0 0 0 

17 0 35 
50 630 1469 

1259 6457 14510 --- 
1,326 7087 16014 

0 0 0 
0 0 0 

17 0 35 
50 1007 2246 

1879 10 186 20958 

1946 1 1  193 23239 

Source DOE (in press) 
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informat~on, and that detailed information regarding the existence concentraton and extent of 

contamination IS not avalable for most IHSSs 

1 3 8 RFP Environmental Monitoring 

The RFP conducts routine radiological and nonradidoglcal environmental monnmng of effluent air, 
ambient air, surface water, groundwater tap water stream sediments, and sorl at locations on and 

in the wcinity of the RFP Results from these monitonng programs are publtshed monthly and/or 

annualty in RFP environmental monnonng reports (Dow et al 1971 to date) Ambfent air soli, and 

surface water qualrty are also monnored in locations around the RFP by CDH and by cltles utillung 

Great Westm Reservoir and Standley Lake as municipal water suppiles The following informabon 

about these programs IS taken primarily from RFP monthly and annual environmental reports 

1 3 8 1 AmM Air Monitoring 
e 

The RFP maintains a network of continuously operating ambient ar  samplers on and in the wanny 
of the plant sne These samplers trap influent particulates on a filter element. Specific informahon 

regarding sampler types and locat~~ns, analytical protocols and analyt~cal results have been sum- 

m e d  since 1971 in the RFP annual environmental monitonng reports (Dow et ai, 1971 to dare) 

There currently are 53 samplers in the ambient air sampling network, of which 25 are located on the 
RFP sne (Flgure 1-3, 14 are located along the RFP boundary (Figure 1-3, and 14 are located wrthin 

nearby communibes (Figure 1-8) The RFP has conducted onsite amblent air monnonng since the 
plant opened in 1951 The onginal network of low volume (approximately 2 cubic feet per minute 

[cfm]) atr samplers was upgraded in 1974 and 1975 to the high-volume (approximately 25 cfm) 
samplers currently in use Offste (community) samplers were added to the nelwork at thIS time 

Sampling and analytical protocols have vaned throughout the htstory of the ambent air monnonng 

program Plutonium analysls of selected ambient air samples began in 1975 before the onsite 
amblent cur samples were anaiyzed for total long-lrved alpha radiation only Under the current proto- 

col onsne samples are collected biweekly and analyzed for tsotoplc plutonium As of December 
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1990 the biweekly onsite samples are composned into a single monthly sample Samples from the 

RFP perimeter and from nearby communities are collected biweekly and cornposited into single 

monthly samples from each sample station which are analyzed for plutonium The CDH also 

maintains offsite air samplers for measuring plutonium concentration in ambient air in the vicintty of 

the RFP (CDH 1970 to date) These samples are analyzed for gross alpha and beta in addition to 

the plutonium 

Starting in the early 1980s the RFP conducted onsite monitoring for EPA cnteria pollutants (total 

suspended particulates ozone sulfur dioxide carbon monoxide nitrogen dioxide and lead) utilizing 

a mobile ambient air monitonng untt This mobile una was replaced in mid 1986 wtth a permanent 

monitonng station located just inside the RFP east gate Starting in 1989 this program was scaled 

back to include total suspended particulates and respirable particle fraction (those particles smaller 

than or equal to 10 microns in me) only 

In 1976 nine ambient air monitoring stations were installed by the RFP at and near IHSS 199 acre 

age which was the subject of a lawsuit by owners of land adjacent to the plant These stations 

were operated from November 1976 through July 1978 specifically to collect monthly airborne 

plutonium concentration data for the lawsuit It was determined in 1978 that data collected from the 

lawsuit speclic stations did not signdicantly differ from nearby ambient air monitonng program 

sampler data, and the lawsuit specltc stations were therefore removed (Rockwell 1978) 

Airborne plutonium concentrations were monitored by the RFP immediately downwind of the remedy 

acreage during court ordered tilling to supplement data obtained from permanent stations downwind 

of the acreage A tabulation of the 1987 remedy specific monitoring data is included in Rockwell 

(1 988b) A summary of average annual ambient a r  plutonium concentrations from selected monitor- 

ing stations near the remedy acreage during the period of remedial activity (1 985 to 1988) is pro- 

vided in Rockwell (1989a) 
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1 3 8 2 Effluent Air Monitoring 

Effluent air at the RFP has been monitored since it opened in 1951 EfRuent air monitoring IS 

addressed in deta~l in RFP month& and annual environmental monnonng reports @ow et al , 1971 

to date) and in the RFP Environmental Impact Statement (EIS) (DOE, 1980) Continuous effluent air 
samplers are located in the ventilatm exhaust systems of each production and research building at 
the RFP As is the case WRh the ambient air monituring program, the sampling and anatytd pmte 

cols for effluent air monitonng have vaned throughout the hwtory of the RFP Plutonium analysis of 
selected effluent iur samples began in 1975 before thls, airborne effluents were analyzed for total 

long-lwed alpha radiarton only Under current protoml, effluent ar samples am analyzed at regular 

intervals for total long-lived alpha activlty Individual samples from each exhaust system are compo- 

sited monthly into area-specific samples, which are analyzed for plutonium ammum, uranium and 

beryllium Exhaust streams known to potentially contan tntium are also analyzed for tntium concen- 
tration three times each week 

1 3 8.3 Soil Monitorinq 

Beginning in 1984 soil samples have been collected annually by the RFP to evaluate changes in 
soil plutonium concentratms. The sol1 monitoring program IS addressed in deW m the RFP annual 

environmental monitonng reports @ow et al 1971 to date) Under current protocol, soils samples 

are collected once per year from 40 sites located on concentric circles 1 and 2 mi (1 6 and 3 2 km) 

from the center of the RFP and are analyzed for plutonium A srmilar soil sampling program was 

conducted in 1977, wRh the a d d m  of 17 samples collected from locat~~ns on a circle 5 mi (8 km) 

from the RFP center 

The CDH also monitors soil plutonium concentrations in areas near the RFP (CDH 199Oa) Under 

this program five subsamples are collected within each of 13 predefined sectors near the RFP and 

composned into a single sample, which prowdes an average soil plutonium concentmon within the 

sector Soil samples also are collected from eight Colorado locations remote from the RFP in order 

to assess soil plutonium concentrations due to worldwde atmospheric fallout. The CDH so11 
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sampling program was conducted annually between 1970 to 1978 and in 1980 1981 1986 and 

1989 Results are published in RFP environmental surveillance reports prepared monthly by CDH 

(CDH 1970 to date) A summary table of results between 1970 to 1986 is included in CDH (1990) 

Several of the past sampling programs including the 1989 program have included analysis of 

selected radionuclides other than plutonium and beryllium (CDH 199Oa) The results of the 

beryllium analyses were all below method detection limits 

1 3 8 4 Surface Water Monitorma 

Routine monitoring of surface water within and around the RFP, of all effluent streams leaving the 

RFP and local municipal water supplies around the RFP has been conducted since shortly after the 

RFP opened in 1951 Specrfic sampling and analytical protocols have varied throughout the history 

of the surface water monRoring program Information regarding sample locations analytical proto- 

cols analytical results and compliance with applicable state and federal water quallty standards has 

been summarized since 1971 in the RFP monthly and annual environmental monitoring reports (Dow 

et al 1971 to date) The surface water mondoring program is also summarized in the EIS for the 

RFP (DOE 1980) 

Water quality in Great Western Reservoir and offsite reaches of Walnut Creek is routinely monrored 

by the RFP the City of Broomfield and the CDH Broomfield samples Walnut Creek at a location 

immediately east of the RFP on a monthly basis and tests for eight VOCs An automatic sampler at 

the same location collects a composite water sample each week for gross alpha and gross beta 

analysis Weekly samples also are collected by Broomfield from Walnut Creek below Great Western 

Reservoir and analyzed for gross alpha and gross beta Water entering the Broomfield water 

treatment plant from the reservoir is monitored monthly for eight VOCs Treated Broomfield tap 

water also IS monitored weekly for gross alpha and gross beta and monthly for eight VOCs (CDH 

1989) The CDH conducts quarterly sampling of Great Western Reservoir for selected herbicides 

pesticides metals base neutral acids (BNAs) and radionuclides Broomfield water treatment plant 

influent from Great Western Reservoir is analyzed weekly by the CDH for selected radionuclides 

(CDH 199Ob) 
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The cities of Northglenn, Thornton, and Westminster each monitor raw water influent from Standley 

Lake at their respective water treatment plants for V a s ,  gross alpha, and gross beta. Westminster 

also monaors treated tap water for gross alpha and gross beta Woman Creek IS sampled immedl- 

ately east of the RFP boundary once each month by the Cay of Thornton and is analyzed for 
59 VOCs Another locabon along Woman Creek IS sampled weekly for gross alpha and gross beta 

analysis Standley Lake water was sampled monthly near the Westminster treatment plant inlet and 

analyzed for 59 VOCs The C m  of Thornton, NorVlglenn, and Westminster recent& eliminated 

VOCs from thetr sampling programs because they have not been detected Water is also sampled 

monthly near thestandley Lake dam at SIX different depths and analyredfor gross alpha and gross 
beta (CDH, 1989) The CDH conducts quarterly sampling of Standley Lake for analyses of selected 

herbrcrdes, w a d e s ,  metals, BNAs, and radionuclides Westminster water treatment plant influent 

from Standley Lake IS analyzed weekly by the CDH for selected radlonuclrdes (CDH. 1990b) 

The RFP CDH, and muntcipal monnonng programs have produced a &rge volume d data to assess 

the potential impacts from RFP releases on surface water The monitoring IS conducted in part to 

ensure that the RFP meets appltcabk state and federal water quality standards AppkXbk 
standards have vaned since the open~ng of the. RFP in 1 9 5 1  Current appkabb standards for the 

RFP include 

The NuUonai Pdiutiocr Dkcharge Eliminrtlon -em (NPOES) aandard. for the 

RFP first ssued in 1974, which lima nonradloacbve drschargeg from the plant 

., State drinking watw standards for r a d m w e  contaminants m COmmUnrty Water 

systems promulgated in 1977 

Colorado Water Quality Control Cornmidon (CWQCC) water q d i t y  8t8nd.d~ 

for both radioactwe and nonradloactwe contammants, whlch were adopted m July 

1989 for the upper segments of Big Dry Creek basin 
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Descriptions of these standards and information about the RFP s compliance wtth the standards, 

are contained in the RFP Monthly and Annual Environmental Monrtonng Reports (Dow et al 1971 to 

date) 

1 3 8 5 Groundwater Monitoring 

A total of 56 groundwater monrtoring wells were installed at the RFP between 1960 and 1985 Most 

of these wells were located wlthin the controlled area of the plant (Figure 1-1) and targeted specrfic 

SlteS of suspected groundwater contamination hmrted completion data and sampling data are 

available for these pre 1986 wells The sampling frequency for these wells vaned from quarterly to 

biannually Until 1985 samples were analyzed for selected radionuclides only beginning in 1985 

other chemical parameters (volatile organic compounds metals and inorganics) were added 

(Rockwell 1989b) 

In 1986 and 1987 137 monltonng wells were installed as part of the DOE Comprehensnre EnVlrOn 

mental Assessment and Response Program (CEARP) for the RFP CEARP later became the ER 

Program (Subsection 1 1 )  These wells were drilled in part to meet RCRA requirements for the four 

regulated units at the RFP and also targeted other known IHSSs at the plant The 1986 Wells 

included four wells along the eastern boundary of the RFP (downgradient of the main production 

facility) to assess potential contaminant movement offslte through groundwater Also included were 

background characterization wells in onsrte areas believed to be unaffected by actnrlties from the 

RFP (Rockwell 1989b) An addltional 160 wells were installed in 1989 to further CharacterKe the 

hydrogeology of the RFP including three additional wells along the eastern boundary of the RFP 

(EG&G 199Ob) 

The current network of 371 monltonng wells is sampled quarterly and analyzed for field parameters 

selected radionuclides metals organics inorganics and anions Semnrolatile and pesticidePCB 

analyses taken the first quarter after a well IS installed Monthly and/or quarterly water level 

measurements are taken when the wells are sampled Monthly water levels are taken in selected 

wells (1 14 wells) to assess groundwater flow direction More detailed information regarding the RFP 
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groundwater monaonng program IS provided in the RFP Annual Emronmental Monrtonng Reports 

(Dow et al , 1971 to date) Groundwater monnonng results for RCRA regulated unrts at the RFP 

have been prmded since 1988 in annual RCRA groundwater monnonng reports (Rockwell 1989b, 

EG&G, 199Ob) 

1 3 9 Other OU AczMtiaS and Relevant Work 

SDcteen OUs have been idemfied at the RFP under the Rocky Flats IAG as agI Subsection 12. 

Under the IAG, the DOE IS required to conduct a RI/FS/RFI/Correctnre Measures Study (CMS) for the 

OUs The OUs that OU 3 wll interact mh include OUs 2 4 5 and 6 

Operable unR 2 studies are investigating Pad 903, which IS believed to be the source area for 

contaminahon associated Wh OU 3 OUs 5 and 6 studies are investigating Woman Creek and 

Walnut Creek respectively The drainages from these creeks flow offslte and into OU 3 Work 

efforts for OU 3 will be coordinated wnh efforts at OUs 2,4 5 and 6 As information from other OUs 
becomes avzlllable the data will be revtewed and incorporated into OU 3 work as appropriate 0U4 

stud= are investigatmg two solar evaporation ponds 

Other relevan! amnies affemng OU 3 include the work being done as part of the Optmi Review 

Group In Apnl1990, Congressman Davld Skaggs organ~ed a committee to develop and evaluate 

surface water management options for the Woman Creek and Walnut Creek watersheds The 

Option Revlew Group was formed from this committee The Option Revlew Group developed and 

evaluated at least eight options for management of surface water Rows from the RFP The group 
recommend Option B, whtch would protect the Standley Lake dnnking water reservoir and replace 

the dnnking water supplied by Great Western Reservoir 

Option B is a combination prqect that would detam and drvert Woman Creek flows to protect 

Standley Lake during a 100-year Rood event and replace Great Western Reservoir as a dnnking 

water supply Actlvlties for OU 3 will be coordinated wRh work associated with Option B 
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2 0 SITE CHARACTERIZATION 

OU 3 is unique among RFP OUs in that it is located outside the RFP boundaries The locations of 

each of the four IHSSs (Sites) in OU 3 relatnre to the RFP are shown in Figure 2 1 Subsections 2 1 

through 2 4 describe site conditions previous environmental investigations and available 

information regarding the nature and extent of contamination for IHSSs 199 through 202 respec 

tively Conceptual models for contaminant fate and mobiltty in soils (IHSS 199) and reservoirs 

(IHSSs 200 to 202) are developed in Subsection 2 5 

2 1 IHSS 199 (CONTAMINATION OF THE LAND S SURFACE) 

IHSS 199 Contamination of the Land s Surface speclfically targets offsite soil contamination as a 

result of RFP past releases Included wdhin IHSS 199 are approximately 350 ac (142 ha) of land 

which were part of a 1975 lawsud filed in U S District Court (Civil Action No 75 M 1162) by the land 

owners against the United States and other defendants (hereafter referred to as the lawsuit) alleg- 

ing contamination of the land surface by releases from the RFP dunng its operating history Several 

technical investigations and studies of the lawsuit acreage were conducted by the various parties to 

the lawsuit to provide supporting evidence in the case A settlement agreement finalized in July 

1985 (the Settlement Agreement) (U S Distnct Court 198%) required that the RFP undertake reme- 

dial action on those portions of the land (hereafter referred to as the remedy acreage) containing 

surface plutonium at concentrations exceeding an action level adopted by the court from a CDH 

special construction standard for plutonium in soil of 0 9  picocunes per gram (pCi/g) 

(0 03 Becquerel per gram [Bug]) Two contiguous tracts of land which currently are owned by the 

Clty of Broomfield and Jefferson County were targeted for remediation based upon the CDH 

standard To date remedial activities have been undertaken on 120 ac (49 ha) of Jefferson County 

remedy acreage (Subsection 2 1 2 2) 
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2 1 1 Location and Description 

As presently defined IHSS 199 includes all soils outside of the RFP boundary that are contaminated 

by past releases from the RFP The IHSS 199 boundary, therefore, IS delineated by the extent of 

affsrte contamination, which has not been conclustvely defined Previous work, whtch has attempted 

to determine thls extent IS detaled in Subsection 2 1 4 2 Past attempts to define the presence and 

extent of offsne soil contamination have focused almost exclusively on atrbome plutonium emissions 

from the RFP 

The remedy acreage IS located on two tracts of land totalling 350 ac (142 ha) in the southern half of 
Section 7 and the western hatf of Section 18, Township 2 South, Range 69 West (TS, R69w) Both 

areas are just outside the eastern boundary of the RFP, approximately 1 5 mi (24 km) east of the 

man production area of the plant (Figure 2-1) Both are generally dowmnd and downgradient of 

the RFP 

21 2 Significant Historical Events IHSS 199 

Under the terms of the 1985 Settlement Agreement wrth landowners, a 25o-ac (101 ha) tract of land 

was transferred to Jefferson County for use in rts Open Space program and 100adloining ac 

(41 ha) were allotted to the Ctty of Broomfield for future expansion of Great Westem Reservoir 

These lands were deeded #nth the understanding that the RFP would implement remedial actnnties 

on these 350 ac (142 ha), as spectfied in the Settlement Agreement, at the request of the owners 

Jefferson County requested in 1986 that remediation commence on the port~ons of their acreage 

targeted for remediation To date, the remedy has been implemented on 120 of the 250 ac of 

Jefferson County land Rather than allow immediate use of the acreage as Open Space, the county 

has chosen to not allow public access to this land until the remediation IS completed To date 

Broomfield has not requested that the RFP begin remediation on thew affected acreage and has not 

proceeded WRh plans to expand Great Western Reservoir Broomfield does not allaw publlc access 
to this land 
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The following sections summarize the legal history of IHSS 199 and describe the remedial actions 

undertaken to date at the slte as a result of the Settlement Agreement 

2 1 2 1 History of Litigation 

In May 1975 a lawsutt was filed against Rockwell International Corporation Dow Chemical 

Company and the Untted States of America by the Church (McKay) plaintiffs and Great Western 

Venture partnership (U S District Court 1985b) The plaintifFs holdings consisted of approximately 

2 000 ac (810 ha) to the west south and east of the RFP The plaintiffs alleged that their lands were 

damaged by releases of plutonium and other radioactive materials from the RFP The plaintiffs 

claimed that these materials had rendered their land unftt for human habaation and had diminished 

the market value of their properties for commercial, residential or other nonagricultural uses The 

plaintiffs further claimed that the mere presence of the RFP next to their property further diminished 

the value of their properties The defendants acknowledged that releases of radioactive materials 

occurred at various times from the 1950s through the late 1960s but contended that the releases 

had not violated applicable regulations established for the protection of the public (US District 

Court 1985b) 

On the basis of scientlfic exhibits presented early in the proceedings and Objections raised during 

the hearings the parties agreed to conduct a field investigation on the plaintiffs lands that would 

include collection and analysis of soil samples for plutonium and americium Before commencement 

of the field investigation the parties agreed to specdic methodologies for collecting preparing and 

analyzing the soil samples (Rockwell 1979) The field investigation program commenced in 1977 

and continued through 1979 Results of the program indicated plutonium concentrations on the 

plaintiffs properties ranging from e0 01 to 3 4 pCJg (3 7x1 0 to 0 13 Bajg) (CDH 1977 Rockwell 

1979a Rockwell 1979b) After addrtional testing the parties agreed to accept some of the data as 

evidence for the trial (U S District Court 1985b) 

In March 1978 the Ackard Butler interests intervened in the legal proceeding and were added to the 

lawsurt as plaintiffs Church and Ackard Butler added by amended complaint the State of Colorado 
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and Jefferson County Colorado, as defendants in 1982 claiming that f the Government defendants 

prevailed in this lltigation then the State and County had acted unlawfully in precluding develop 

ment of pliuntrffs lands In 1982, the Court dismissed the plaintiffs claims for lack of jurisdiction, 

ruling that the issues were not determinable under Rule 56 In 1983, the Tenth Circult Court of 

Appeals reversed this ruling, stating that the plantrffs were entltled to a tnal or tnals on some of their 

C L m S  

In December 1984 a settlement was reached between the defendants and planMfs (U S Dlstnct 

Court, 1985a) The Settlement Agreement, as amended on July 2 1985 called for npping, plowing 

and disking (referred to genencally in this report as Uling9 of affected soils to reduce plutonium 

concentrations to less than the CDH special construction requirements standard of 0 9 pCVg 

(0 03 Bug) Hlstoncal incidents (such as in Palomares Spam, circa 1960) establshed a precedent 
for tilling plutonium contaminated lands which reduces the concentration of plutonium by dlsperstng 

It throughout the soil (Lawton 1990) Results of soil sampling dunng 1977 indicated that plutonium 

levels in several tilled wheat fields on the plaintiffs property were consistently lower than levels on 

adjacent undrsturbed ground The agreement reqwed the RFP to conduct additional soil  sampling 

to venfy that plutonium concentrations were reduced, and to revegetate the tilled solls to provide 

stabillzing vegetation Spec& standards for evaluating the success of revegetation were not 

included in the agreement The option of remediating the land through other processes' was left 

open in the agreement The selected remedlal actions were pntly agreed upon by Rockwell Inter- 

national, DOE, and CDH One of the conditions of the agreement was the preparation and dissem- 

ination by the RFP of an annual status report on remedmtion progress The RFP currently provides 

semiannual status reports The Settlement Agreement also made provisions in the event there are 

any future release(s) from the RFP If a release occurs the RFP must demonstrate that contaml- 

nants on affected propertres do not exceed applicable standards 

Court-supeMsed soil sampling was conducted in 1985 on the affected lands according to CDH 

sample collection protocol (Rockwell, 1985a, Rockwell 1985b) Approxmtely 350 ac (142 ha) of 
land wrth concentrations of plutonium greater than 0 9 pCdg (0 03 Bq/g) were delineated by the 

sampling program These areas whlch were subsequently transferred to Jefferson County and the 
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Clty of Broomfield are the only land to which the Court ordered remedial action applies Another 

490 ac (198 ha) pertinent to the settlement did not exceed the soil plutonium concentration limlt 

and therefore were not targeted for remedial action 

The 1985 sampling data corroborated earlier observations that areas originally cultivated wlth wheat 

contained substantially lower concentrations of near surface plutonium It was also noted that aver 

age plutonium concentrations in the surficial soil appeared to have decreased signlficantly between 

1977 and 1985 This apparent decrease may have been due to plutonium migration (see discus 

Sion in Subsection 2 5 1 4) The lower values may also have resulted from (1) the use of different 

laboratories utilizing differing analytical techniques (2) the significantly larger area represented by 

the 1985 samples (10 ac [4 ha] per sample) as compared to the 1977 samples (0 2 ac [0 08 ha] per 

sample) (Rockwell 1987a) or (3) soil sampling techniques used during the two studies 

On May 28 1986 Jefferson County requested that the remedial actions be undertaken on their 

lands (Rockwell 1988c) To date the Clty of Broomfield has not requested that their lands be 

remediated 

2 1 2 2 Remediation of Jefferson Countv Lands 

Soil remediation currently IS underway on approximately 250 ac (101 ha) of Jefferson County lands 

The following sections address the scope of the remedial activrties and the history and present 

status of the remediation 

2 1 2 2 1 Scope of Soil Remediation The July 1985 amended Settlement Agreement outlines a 

speclfic course of remedial action for plutonium contaminated lands The nature and scope of 

remedial actions were developed and agreed upon by Rockwell International DOE and CDH 

Recommendations concerning erosion control and revegetation were provided by the U S Depart 

ment of Agriculture (USDA) Soil Conservation Service (SCS) on behalf of Rockwell It should be 

noted that because of concerns over soil stabilization the SCS concluded that It would be best to 

leave the affected lands undisturbed rather than to attempt remediation (SCS 1985) 
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The Settlement Agreement specrfies the following remedial actlons (U S Dlstnct Court 1985b) 

0 Spring ground preparatton (plowng and dlsking [%lling'] to reduce plutonium con- 
centrations through mpung and dilution) plus a summer (June) cover crop 

0 Dnlling grass seed into m e r  crop stubble in the fall 

0 Supplemental mulch 

Timely irrigation dunng the establishment penod 

0 Weed control to ensure successful establlshment of grasses 

More specfically the Settlement Agreement requires that the remediation shall consst of the follow 

ing remedial actions any of which may be modrfed by agreement between the Owner of the land 

and the RFP 

0 Erosion ControMmall areas of land may be worked on all at once, but larger areas 

w11l require a phased approach Land shall be broken out in alternating stnps 

perpendicular to the prevaling winds or on long slopes on the contour Stnp 

w~dths shall be determined by a number of sfie-specdic variables, including sol1 

charactenstics slope length and gradient vegetatlve cover and fiekl width Work 

on the other set of stnps shall not begin until the firm set is successhilly reestab- 

lished in grass Properly done this will minimze erosion in normar weather There 

shall be m e  standby provlsrons for emergency erosion control such as exIra 
mulching and sediment trapping dtversions in the event of unusual weather 

0 Soil Preparation-May IS the logical time for the plowing, dsking, chiseling and 

harrowing opermons neceSSary to satisfy the soil mwng objective of the remedlal 

action plan and to prepare a seedbed for the cover crop The frequency of tillage 
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required depends on successful reduction of soil plutonium concentrations to the 

remedy action level Additions of nitrogen and phosphorous shall be made as 

necessary 

0 Cover Crop-The revegetation scheme utilizes a cover crop (forage sorghum) which 

will be planted in June when the soil has warmed to 60°F (16°C) 

0 Grass Seedng-Grass shall be drilled into the ground after November 1 

0 Mulch-The cover crop should leave adequate residue for soil protection If it is 

insufficient in some areas mulch will be needed 

0 Supplemental Irrigation-Timely irrigation through establishment of the grass seed 

mw shall be used to improve the chances for a successful planting Supplemental 

irrigation may also be required during establishment of the cover crop 

0 Special Condnions-In order to prevent possible resuspension of plutonium on the 

soil surface the mwing operation will be conducted only when the soil moisture 

content is greater than 15 percent and the wind velocrty is less than 15 miles per 

hour (mph) (24 km per hour) Portable air samplers will be operated downwind from 

the soil mixing operations during all phases of the program The samples will be 

analyzed for plutonium and all actlvities will be shut down f the plutonium 

concentration in the air exceeds a control level of 0 02 pCi/cubic meter (7 4 x 10" 

Bq/cubic meter) 

0 Maintenance-Areas that do not develop satisfactory ground cover in a reasonable 

length of time (two growing seasons) would be reseeded after an evaluation of the 

circumstances by representatives of Rockwell (now EG&G) and the land owners 

involved 
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2 1 2 2 2 Effectkenem of the Remedy Implementation Court-ordered remedial actions taken to 

date on the Jefferson County remedy acreage are summarized in Table 2-1 These actions are 

addressed in much greater detail in the remedy status reports prepared by the RFP under the terms 

of the Settlement Agreement SIX remedy status reports have been prepared to date (Rockwell, 

1987a, Rockwell, 1987b Rockwell 1- Rockwell, 1989c, EG&G 199Oc, EG&G, 1991~) 

As indicated in Table 2 1, remedy actions have been implemented on two plots of Jefferson County 

remedy acreage, a 20 ac (8 ha) plot in Section 18, T2S R69W (the southern area) and a 100-a~ 

(41 ha) plot in Section 7, TS, R69W (the northern area) The southern and northern areas have 

been tilled in strtps as an emmn control measure as shown in Figures 2-2 and 23, respectively 

Tilling of these 120 ac appears to have successfully reduced soil plutonium concentrahons to below 

the 0 9 pCdg (0 03 Bq/g) CDH standard adopted by the court as a remedy actton level Attempts to 

stabilrze the tilled soils through revegetatnn have met wnh mixed success to date The outcome of 

the revegetation effort appears to result from the follmng factors (EG&G, 199Oc EG&G 1991~) 

0 Insufficient amounts and/or seasonal distnbution of precipnation 

Extremely rocky surfaces or clayey soils 

An expanding pmne dog population 

The effects of slope on soil motsture 

0 

0 Intense competrtion from weeds 

0 

0 

The 1990 remedy status report (EG&G 199Oc) proposed spectic actions to improve the revegeta- 

tfon effort, which at the time wits estimated to be only 10 percent successful Between 1988 and 

1990 the RFP operating contractor changed from Rockwell International to EG&G, and several key 
personnel changes occurred wrthin the EG&G group responsible for implementation of the remedy 

As a result, the remedy actms proposed in the 1990 report were not implemented 

The January 1991 remedy status report (EG&G 1991~) provides the latest avalable assessment of 

the revegetation effort This report indicates that, after a successful 1990 grmng season planted 

grasses have become established on approximately 50 percent of the northern (Section 7') acreage 
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TABLE 2 1 

IHSS 199 REMEDY ACTIONS 

Dates ActWity Result 

June 1986 

July 1986 

July 1986 

July 1986 

August 1986 

October to 

Soil tilling and subsequent seed bed 
preparation of the northern area 
(approximately 100 ac) in Section 7 

lndiated application of sorghum seed on 
the approximately 80 ac successfully 
remediated in Section 7 
Second tilling operation of the 
approximately 20 ac in Section 7 where the exceeded the standard 
indial effort was unsuccessful This 
operation consisted of tilling the area three 
more times 
Third tilling operation of the approximately 
20 ac in Section 7 This operation 
consisted of deep plowing an adddional 
three times and one application of a 
Vrbrashank ripper 
Planted the adddional20 ac in Section 7 
with sorghum seed 
Applied wild grass seed to the 

Partial success approximately 80 ac 
were successfully remediated and 
approximately 20 ac exceeded the 
plutonium concentration standard 
First sprouts appeared 08/04/86 

Unsuccessful plutonium concentration 

Successfully remediated 

Sorghum stopped growing in October 
and wilted after the first frost 
Failure 

November 1986 approximately 20 ac in Section 7 
June 1987 

June to July 
1 987 

Renpped the approximately 100 ac in 
Section 7 and replanted sorghum seed 
Plowed and ripped the southern area 
(approximately 20 ac) in Section 18 

Successful sorghum came up well 

Partial success approximately 15 ac 
were successfully remediated and the 
remaining approximately 5 ac 
exceeded the plutonium concentration 
standard 

July 1987 Replowed and reripped approximately 5 of Successfully remediated 
the 20 ac in Section 18 which exceeded the 
plutonium concentration standard 
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TABLE 2-1 

IHSS 199 REMEDY ACTIONS 
(Concluded) 

November 1987 

November 1987 

November to 
December 1987 

Apnl 1988 

January 1991 

November 1991 

Conducted weed control on the 
approxlmately 100 ac in the North Area in 
Section 7 that were remediated The area 
was sprayed vvlth Roundup herbicide The 
pnmary target was cheatgrass 
Conducted weed control by dtsctng the 
approximately 20 ac of remediated land in 
the South Area in Section 18 

Performed erosnn control measures Successful, subsequent inspections 
consisting of planting winter wheat and the revealed llttle e r m  was occurring 
placement of mulch on the surface of the 
20 ac of remediated land in Section 18 

Reseeded grasses on the approxtmately Poor to marginal success nattve 
120 ac of remediated land in Smons 7 grasses successfully established on 
and 18 only about 10 percent of the area' 
Collected sot1 samples from both tilled and Anafytlcal results shown in Figures 2 4  
untilled areas in the Jefferson County through 2-7 
acreage This was performed because soil 
samples collected in 1986 and 1987 do not 
meet current quallty assurance protocols 
Reseeded grasses shrubs and forbs on 
approximately 71 ac of remedy lands in 
Sections 7 and 18 

Very successful 

Unknown. 

'Past Remedy Report, Operable Unit No H H S S  1999 (AppendDc D, Document D-16) (DOE, 1991 a) 
indicates that a successful 1990 growtng season signtficantly reduced the amount of area requinng 
reseeding 
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signlficantly reducing the amount of land requiring reseeding The January 1991 report proposes 

the following actions to facilitate revegetation of the remaining acreage 

s Weed control 

0 Prairie dog suppression 

s Change of seed mrxture 

Irrigation of the revegetated areas which was proposed in the 1990 Remedy Status Report (EG&G 

199Oc) is not being considered because of water quallty issues related to using RFP water for 

irrigation and concerns over surface runoff transport of contaminants from the remedy acreage 

Because soil samples collected from the remedy acreage in 1986 and 1987 (Table 2 1) do not meet 

current quality assurance protocols soil samples were collected again in January 1991 from both 

tilled and untilled Jefferson County acreage to confirm the soil plutonium concentrations on these 

lands These samples were analyzed for plutonium and americium The results of the 1991 soil 

sampling are presented on Figures 2-4 through 2-7 

2 1 3 Other Relevant Historical Studies for IHSS 1 9 9  

In 1982 a study was performed by the RFP to investigate beryllium in soils During this study 

243 samples were analyzed for beryllium The study concluded that no surficial soils near the RFP 

contained detectable beryllium contamination and that no atmospheric transport of beryllium was 

indicated (Barrick 1982) 

As mentioned in the ongoing RFP monitoring presented in Section 1 3 8 soil sampling is conducted 

annually by the RFP Results for plutonium samples collected from 1984 through 1990 are 

summarized in Figure 2 8 
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2 1 4 IHSS 199 Condltions 

The following sections address the soils hydrology and biota of IHSS 199 Because IHSS 199 

boundaries have not been conclusively defined and because site conditions at the IHSS 199 

remedy acreage adjoining the RFP have been studied in detail the following descriptions focus 

primarily upon studies of the remedy acreage 

2 1 4 1 SOllS 

A general description of the soils in the IHSS 199 areas east and south of the RFP is provided in the 

SCS Soil Survey of the Golden Area Colorado (SCS 1980) According to this survey soils in the 

area are characteristically well drained clayey and loamy soils on high terraces hill slopes and 

fans The primary soil type in this area is mapped by the SCS as Nunn Denver complex comprised 

of approximately 45 percent Nunn 25 percent Denver and 30 percent other soil types and Urban 

land Nunn and Denver soils are deep and well drained and form from clayey material derived 

predominantly from mudstone and shale The surface layer is a clay loam The Nunn subsoil is a 

clay loam to a depth of 60 in (152 cm) while the Denver subsoil is clay to the same depth The 

SCS also notes that Primen and Leyden soil units occur wtthin the area on gravelly and cobbly hill 

slopes 

Soil characteristics in the IHSS 199 remedy acreage were considered by the SCS in providing ero- 

sion control and revegetation recommendations for the remedy (SCS 1985) The soils were charac 

terized as Denver Kutch Midway clay loams estimated at 50 percent Denver 30 percent Kutch and 

20 percent Midway with Denver and Kutch soils on hill slopes and Midway soils on ridge crests 

Establishment and maintenance of grasses and other vegetation in the Denver Kutch Midway soil 

complex are restricted by the slope the clay loam surface layer and clayey subsoil and on the 

Midway soil shallow depth to bedrock The complex is descnbed as generally unsultable for cuki 

vation due to the high risk of erosion When attempting to vegetate the soil supplemental irrigation 

at planting time and during dry periods is recommended (SCS 1980) 

DEN/FLATS16/003 51 OU 3 Finai/12-06-91 



EO80 ROCKY FLATS PLANT Manual a 
RFVRl Work Plan for OU 3 

SeGtIon 2 
Revision 1 
Page 260f102 

Category Final 
mictwe  ate 
Organzation 

The SCS estimated annual soil loss rates because of water and wind erosion for nonheast-facing 

slopes at the remedy acreage under worst-case condnlons (such as bare soil) and under remedial 

actMty condrtions (such as tilled wrth a cover crop) Total annual loss through water and wind 

erosm may range from 93 to 143 tons per ac (209 to 321 metric tons per ha) under worst-case 

condltrons This loss would be reduced to 13 to 22 tons per ac (29 to 49 metnc tons per ha) under 

remediation Whout using protective mulch between plowing and establshment of a cover crop If 

such a mulch was used the loss due to erosion IS predicted to be 1 to 3 tons per ac per year 

(2 2 to 6 7 metric tons per ha per year) almost exclusively attnbutable to water erosm Gullying 

which might increase the total loss in the worst-case scenario was identrfed as a likely problem rf 

the land was not adequately protected dunng remedlal activnles (SCS, 1985) 

Soil conditions may have changed on the remedy acreage as a result of court-ordered remediation 

In particular, the follwng changes may have occurred as a result of tilling 

0 Increase in erosion potentlal due to vegemon loss 

Mwng of soil horizons and redistnbution of rock fragments 

Loss of plant nments, particularly nrtrogen through leaching 

Loss of organic matter through increased oxidation 

0 

0 

0 

0 Loss of sol1 structure 

It should be noted that water WOSNXI does not appear to be a common or significant problem on 

undisturbed sol1 surfaces in and around the IHSS 199 remedy acreage It IS believed, therefore, that 

successful revegetation of the remedy acreage will greatly reduce the contribution of surface runoff 
and erosion to plutonium transport at IHSS 199 

Revegetation of IHSS 199 remedy acreage has been hampered by abundant cobbles in the soil, 

which were brought to the surface by tilling Surface accumulations of cobbles are estimated to 

cover some 30 percent of the 120 tilled ac and in some areas cover nearly 90 percent of the sur 
face (EG&G 199Oc EG&G 1991b) An inactive gravel plt is located in the northeastem comer of 

the Sectm 7 remedy acreage It can be inferred from these observations that the rock fragment 
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content of some portions of the remedy acreage soil is appreciable perhaps 15 to 20 percent or 

more by volume 

2 1 4 2 Surface Water 

The Crty of Broomfield remedy acreage in Section 7 abuts Great Western Reservoir to the north 

The Jefferson County remedy acreage in Section 18 is immediately west of Mower Reservoir 

(IHSS 202) Mower Reservoir is fed by a diversion from Woman Creek which flows from the 

southern part of the RFP Outflow from Mower Reservoir discharges to the east eventually entering 

Standley Lake Woman Creek aself traverses the southern end of the Jefferson County remedy 

acreage before discharging to Standley Lake (IHSS 201) 

Existing slopes at and near the remedy acreage are 2 to 15 percent generally to the east Slopes 

to the west also are present (SCS 1985) Most of the remedy acreage drains into two ephemeral 

channels which flow southeast from the acreage into Standley Lake (IHSS 201) (USGS 1980) 

Portions of the northernmost Crty of Broomfield remedy acreage in Section 7 dram north into Great 

Western Reservoir (IHSS 200) The southernmost Section 18 remedy acreage drams directly into 

Woman Creek 

The frequency and amount of surface runoff depend upon several factors, including soil infiltration 

capacrty surface vegetation and slope The clay loam soils at IHSS 199 are assumed to have rela 

tively low infiltration capacrty because of clay content except where fractures may have signrficantly 

increased vertical permeabilrty Vegetation cover addressed in more detail in Subsection 2 1 3 4 is 

somewhat sparse consisting mostly of native grasses and weeds Parts of the 120 ac of remedy 

acreage tilled during 1986 to 1987 contain adequate to marginal ground cover of perennial grasses 

and weeds Some surfaces of the remedy acreage are poorly vegetated because of prarie dog 
colonies and cobbles brought to the surface by tilling Application of mulch on this surface (see 

Subsection 2 1 2 2 2) would reduce the likelihood of surface runoff 
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21 4 3  Groundwater 

Currently, there are no dedicated groundwater monitoring wells outside of the RFP eastern bound- 

ary Numerous pnvately-owned water wells, however have been dnlled just east of the RFP 
Ltmited informatton was obtained from dnlling and filing records held by the Colorado Dwsion of 

Water Resources These records suggest that the thickness of surfic~al deposrts ranges from 15 to 

50 ft (4 6 to 15 m) and averages apprmmately 25 ft (7 6 m) near the remedy acreage Surficial 

deposits typicalty are descnbed in the well records as clay, sandy clay, or clay with gravel and 

boulders, locally capped by 5 or 6 feet of topsoil The underlying bedrock is descnbed in the well 

records as alternating layers of shale and sandstone, which is assumed to be a very generalrzed 

descnptm of the Arapahoe Formation Most of the wells studied were completed in sandstones at 
depths ranging from 35 to 275 ft (10 7 to 84 m) Static water levels averaged 10 to 50 ft (3 0 to 

15 m) higher than the screened interval, indicating moderate pressure head in the sandstones The 

static water level was 20 ft (6 1 m) in one well completed in the shallow aquffer (allmum) in the 

southwest comer of Section 6 just north of the IHSS 199 remedy acreage (DWR, 1990) 

2 1 4 4  Biota - 

Much of the land surface in OU 3 has been converted to land uses that no longer have natwe spe- 
cies or natural ecosystems Dmrbed land surfaces include cultwatton for agricultural crops, roads 

and nght-of-way development for houslng and commerce and canals and reservars for water con- 
trol and storage Much of thls land surface has secondary growth of vegetation, including managed 

lawns and grasses The vegetation tends to be weedy and the species present are those that 

invade after dlsturbance Grazing IS common on grasslands except the open space property of 

Jefferson County and the Crty of Broomfield 

IHSS 199 vegetation consists of natwe grasses and weeds, wrth various shrubs and small trees 

along dmnages. Natwe grasses common to the area include western wheatgrass, green needle- 

grass, blue grama, and sldeoats grama ( S a ,  1980) Lands that have been tilled and seeded as 
part of remediation have been dominated in the early stages of regrowth by weeds including 
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Canadian Russian and musk thistles mustards bindweed and cheatgrass (Rockwell, 1989c) 

Although these weeds compete with the grasses planted at the remedy acreage they provide far 

but unreliable stabilization of soils As of late 1990 planted grasses have become established on 

approximately 50 percent of the northern (Section 7) remedy acreage and provide excellent soil 

stabilization Planted grasses were characterized as marginally established on 15 to 20 percent of 

the northern acreage and unestablished on 30 to 35 percent of the acreage owing primarily to sur 

face cobbles and competrtion from weeds (EG&G 1991 c) The seed mix mandated by the Settle 

ment Agreement includes western wheatgrass sideoats grama, pubescent wheatgrass and smooth 

brome (SCS 1985) Winter wheat and sorghum also have been planted on these lands as winter 

cover to help prevent soil erosion during remediation 

Fauna indigenous to IHSS 199 are believed to be similar to those described in Subsection 1 3 5 for 

the RFP area as a whole It has been noted that a signlficant prairie dog population has become 

established on the remedy acreage (EG&G 199Oc EG&G 1991~) The U S W S  has indicated that 

there are two endangered species of interest in the RFP-the bald eagle and the black-footed ferret 

(Rockwell International 1988~) Prairie dog towns provide the food source and habttat for ferrets 

Bald eagles are common winter visttors in the areas near the reservoirs 

2 1 5 Nature of Contamination 

Numerous studies have attempted to define the presence and extent of contamination at IHSS 199 

as a result of RFP releases and to identify prospective RFP source(s) of the contaminants As men 

tioned in Subsection 2 1 1 these past studies have focused almost exclusively on airborne 

plutonium releases from the RFP The OU 3 RFI/RI will investigate contaminants other than 

plutonium as reflected in the Field Sampling Plan presented in Section 6 0 of this document 

2 1 5 1 RFP Contamination Sources 

Krey and Hardy (1970) sought among other goals to identify onsite sources of the plutonium found 

in offsite soils These investigators focused on four sources that might conceivably have resulted in 
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offstte contamination (1) a September 11 1957 fire in Building 771 @ow, 1973), (2) a May 11,1969 

fire in Building 776 (USAEC, 1969, CCEI, 1970) (3) leaking drums of plutoniumcontaminated lathe 

coolant at the 903 Pad, a drum storage area in the southeastern part of the RFP matn production 

area, and, (4) chronic low-level stack effluent Based on the pamcle sze of the contaminated soil 
fractan, meteorological data, and RFP monltortng records the Krey and Hardy investigation 

concluded that the great majonty of the plutonium at IHSS 199 originated as mdbome particulates 

from the 903 Pad, and largely dtsmssed the contnbutions of the 1957 and 1969 fires and chronic 

stack emissions Contaminatlon at the 903Pad resulted from 55gallon drums of plutonium- 

contaminated lathe codant which corroded and leaked over a 1Gyear penod starting in 1958 The 
903 Pad was capped with asphalt in November 1969 effectnrely eliminating n as a direct source of 
contamination to IHSS 199 Numerous other investigations focusing on plutonium in offslte soils 

since the Krey and Hardy study have ranforced the conclusfon that the 903 Pad was the pnmary 

source of &ne soil plutonium contaminatton from the RFP (Dow 1971 Dow, 1972, CDH 1977, 

Rockwell 1979a Rockwell, 1979b) 

As discussed in Subsection 1 3 7  contaminants other than plutonium have been detected in the 

environment as a result of RFP releases. Avatlable information on RFP IHSSs suggests that some of 
these other contaminants could potenttally have impacted IHSS 199 through atrborne transport from 

the RFP Posslbk sources include the onslte burning of wastes, inclucbng waste oils contaminated 

wrth trace amounts of uranium (IHSSs 128, 153, 154, and 171) A fire that breached the exhaust 

fitters of a beryllium machining building possibly releasing atrborne beryllium to the environment 

has also been documented but has not resulted in the designatan of an IHSS A less plausible 

potential source is wind stnpping of waste water from the solar evaporation ponds (IHSS 101 see 
Figure 2-1) incidences of whsh are documented in records from the Dow Chemlcal Waste Disposal 

Coordinatron Group Water from the solar ponds would have possibly contatned trace amounts of 
radionuclides nonradioactlve metals and inorganic ions Knowledge of the fate and mobtltty of 

these potential contaminants in atr and surface soils I cmcal in determining whether they could 

reasonably have impacted IHSS 199 and, f so, whether they still mst at the stte today 

Contaminant fate and m&lny are addressed in the conceptual model for offate surface solls 

(Subsectmn251) Avatlable information from onsne and offstte RFP environmental monttonng 
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(Subsection 1 3 8) and RFP OU investigations are used to verify the predictions of the conceptual 

model and focus the selection of contaminants of concern (Subsection 6 2) 

It is possible that onsrte soils contaminated by the 903 Pad could in turn generate windborne partic 

ulates which might impact IHSS 199 as could any abnormal airborne emission from the RFP 

including those generated by soil remediation and similar activdies at onslte RFP OUs Results from 

offslte air monrtoring stations (Rockwell 1989a) suggest that IHSS 199 has not been measurably 

impacted by airborne emissions from the RFP since the offslte air monltoring system was 

established in 1975 It is reasonable to expect that any future RFP emission potentially impacting 

IHSS 199 will also impact onslte soils and ambient air and that the contamination will be detected 

through routine onslte 8r and soil monrtoring (Subsections 1 3 7 1 and 1 3 7 3) 

2 1 5 2 IHSS 199 Contamination 

In an attempt to delineate offsrte plutonium contamination around the RFP Krey and Hardy (1970) 

established contours in millicuries per square kilometer (mCi/km2) for plutonium in soil around the 

RFP based upon analytical results from 33 soil samples collected from locations up to 40 mi 

(64 km) from the plant (Figure 2 9) Dow (1971) based similar contours (Figure 2-10) on results from 

135 soil samples Dow s 1972 Rocky Flats Annual Environmental Monrtoring Report (Dow et a1 

1971 to date) included soil plutonium contours in microcuries per square meter (uCi/m’> based on 

over 300 soil samples (Figure 2 11) The differences in the results of these studies help to illustrate 

the inherent ddficulty in drawing conclusions about IHSS 199 contamination based upon existing 

data Results and hence conclusions vary widely depending upon sampling methods analytical 

methods and uncertainty definrtion of background concentrations and unm of measurement 

Most of the data collected since 1972 have focused speclfically on characterizing the lawsurt 

acreage rather than defining IHSS 199 as a whole (Rockwell 1979a Rockwell 1979b Rockwell 

198- Rockwell 1985b Rockwell 1987a Rockwell 1987b) because the investigations preceded 

the designation of the offslte soils as IHSS 199 Very few data exist for contaminants other than 

plutonium which could affect offsrte soils as a result of RFP releases 
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In short the extent of offsite soil contamination as a result of RFP releases which wll delineate the 

boundaries of IHSS 199, has not been conclusnrely defined Stud= conducted to date, however, 
do point to the following limitations 

0 IHSS 199 IS most likely limtted to areas downwind of the RFP namely to the north- 

east east, and southeast of the plant 

0 The 350 ac of lawsuit acreage targeted for remedmon were shown to have the 

highest wmntratms of plutonium in sol1 of all lawsun acreage which adjoined 

most of the eastern and -hem boundaries of the RFP (Rockwell, 1979b) ‘Hot 

spots’ may occur that were not detected through lawsun acreage sampling 

however, because other IHSS 199 lands downwnd of the RFP are further from the 

plant than the remedy acreage, it IS reasonable to expect that these lands contain 

lower concentrations of plutonium than the remedy acreage 

0 The most likely pathways of plutonium migratton from IHSS 199 are wind and water 

erosion of surface soil (SCS, 1985) 

Exlsting IHSS 199 sod plutonium data are summanzed in Table 2 2 

Very limned data exist for contaminants other than plutonium, which could affect OffSue soils as a 

result of RFP releases In 1976 and 1977 the RFP tested Iawsut acreage soils for isotopes of 

amencium, cesium, thonum neptunium cenum radium and potasscum in addttion to plutonium 

The sampling program also included five snes remote from the RFP in Wd8r to determine 

representatwe background concentrations (Rockwell 1979a Rockwell 1979b) The Rockwell 

International Disclosure to the Crty of Broomfield fo lhng the IawsuR (Rockwell, 1985a) based the 

following conclusion on the results of the 1976 to 1977 sampling 

‘Analyss of 25 soil samples from plaintrffs lands and samples from each of the five 

background locations used in the testing program show that with respect to 

W 3 F1naV12-06-91 DEN/FIATS161003 51 







7 

2 

. 

-’T 



EGBG ROCKY FIATS PLANT 
RFI/RI Work Plan for OU 3 

Category Final 

Manual 

Section 
Revision 
Page 
Effectwe Date 
Organization 

2 
1 

39 of 102 

TABLE 2 2 

SUMMARY OF IHSS 199 HISTORICAL PLUTONIUM IN SOIL DATA 

Range Average No of 
(pcllg u n b  (pCi/g unless Data 

Data Source othemnsenoted) othe~noenoted) Points Comments 

Plutonium in Soil Around the Rocky Flats Plant by 
P W Krey and E P Hardy 1 August 1970 

Commrttee Evaluation of Plutonium Levels in Soil 
Wrthin and Surrounding USAEC Installation at Rocky 
Flats Colorado by J R Seed et al 9 July 1971 

Soil Sampling East of Indiana Avenue by R W Loser 
and R L Tibbals 29 November 1972 

Results of Special Soil Samples Collected Adjacent to 
the Rocky Flats Plant Slte by C T lllsley 7 
September 1977 (revised 30 November 1979) 

Radioactwe Soil Contamination (Cesium 137 and 
Plutonium) in the Environment Near the Rocky Flats 
Nuclear Weapons Plant, by CDH September 1977 

Plutonium Concentrations in Soil on Lands Adjacent 
to the Rocky Flats Plant by C T lllsley and M W 
Hume 16 March 1979 

Disclosure to the Clty of Broornfield by Rockwell 
International 22 January 1985 

Soil Sample Collectton and Analysis for Plutonium on 
Lands Adjacent to Great Western Reservoir for the 
Crty of Broomfield by CT lllsley 15 January 1987 

Remedial Action Program on Jefferson County Open 
Space Land in S e o n  7 T2S R69w South of Great 
Western Reservoir by CT lllsley 15 October 1987 

Rocky Flats Surface Soil Survey 1970-1989 by CDH 
February 1990 

128 0 o007-0 963 0085 27 

00451397 5 0  123 1 2 4  

2 7-594 mCi/km2 99 3 mCi/km2 14 1 5  

001 148 0 207 20 1 2  

Data contained in this report are included in 
the 1970-1989 CDH report below 

0009342 0 19 160 1 2  

006-77 N/A N/A 1 2 6  

004-38 1 2  15 1 2  

1977 006-77 155 22 1 7  

1985 003-56 1 70 24 

1970 001 110 1 2  13 1 2 4  

1971 003301 2 6  13 1 2 4  
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TABLE 2-2 

SUMMARY OF IHSS 199 HISTORICAL PLUTONIUM IN SOIL DATA 
(Concluded) 

1972 002-251 21 13 1 2 4  

1973 003.038 0 12 5 1 2  

1974 002127 1 . 2  13 1 2 4  

1975 001-430 1 1  10 1 2  

1976 002-350 04 13 1 2  

7977 003420 0 5  13 1 2  

1978 003-025 009 6 1 2  

1980 00131 0 3  13 1 2  

1981 01822 0 3  12 1 2  

1986 00115 0.2 13 1 2  
Nateg 

Datado not meet EPA useability criteria for risk assessment (EPA, 19Wb) 
%alucwonginally expressed in dpm/g converted to pCdg using 0 45 mutbplier 
31ncluded mutbple anatysos by VMOUI Iabo&ries m e  data points have mulbple vdu8s 
4Somedata pol& are &in the prosent RFP bounchry sample locafions are nol defined clervfy enough to separate th- 

5hcumentWs adequate dsscnption of aam ing and analytical methodology and contains inconrntent definrbon of sample 

medium sampled thls conversion could not reliably be performed however repotted values appear to be much higher than 
those recorded in other sampling programs in thu, area Very iow confidence in these values 

from data pol* outside the RFP boundary 

locaf~ona Because conversion of m w m  8 to pciig requires detmled knowledge of methodology and pr0perb.S of *e 

6[)ocumentpresents hgh low and average values from Broomfield remedy acreage sampling bshnreen 1977 1985 
71S?7data do not include Broomfield remedy acreage 
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radionuclides other than plutonium and americium the levels of these radionuclides 

on plaintrffs lands are consistent with background levels 

As indicated in this passage americium 241 a daughter product of plutonium 241 decay was 

detected in IHSS 199 soils above the background concentrations recorded at the five remote 

sampling locations However neither Rockwell (198s) nor Rockwell (1979b) which also refer to 

americium data from the 1976 to 1977 sampling program provide the analytical results for 

americium Poet and Martell (1972) measured americium 241 and strontium 90 concentrations in 

soil samples collected in 1969 from several locations around the RFP This study calculated that 

americium contributed 3 to 15 percent as much alpha activity as did plutonium in the areas 

sampled and estimated that the americium contribution to alpha actlvlty would eventually approach 

that of plutonium as decay of plutonium 241 into americium 241 progressed The RFP soil sampling 

program conducted by CDH (see Subsection 1 3 7 3) has periodically included analyses for 

cesium 137 and uranium These limited efforts represent the only known characterization of 

radionuclides other than plutonium at IHSS 199 Possible contaminants other than radionuclides 

present in IHSS 199 soils as a result of RFP releases have not been characterlzed with the 

exception of beryllium measurements in 1971 and 1989 under the CDH soil monitoring program 

(CDH 1990a) and the RFP study in 1982 (Barrick 1982) 

Ongoing studies of RFP OU 2 will provide more detailed characterizations of soil contamination 

between the 903 Pad and the RFP eastern boundary In addition studies at OU 4 the solar 

evaporation ponds will provide additional information on potential soil contamination from metals 

Studies are also underway to define background concentrations in soil of potential RFP 

contaminants including background plutonium and americium resulting from atmospheric testing 

of nuclear weapons The relevance of these background concentrations to IHSS 199 will be 

addressed in future RFI/RI (I e data evaluations) actwities Cumulative depositions of plutonium 

because of nuclear testing on ground surfaces in the United States range from 0 001 to 0 003 

uCi/m2 (EPA 199Oa) Data on RFP climatology also are available (Subsection 1 3 2 1) 
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2 2 IHSS 200 (GREAT WESTERN RESERVOIR) 

IHSS 200 encompasses Great Western Reservoir, offsrte reaches of Walnut Creek (which formerly 

flowed into the reservoir from the RFP) and downstream surface water features possibly impacted 

by outRow from the resemr (Figure 2-1) Portions of Walnut Creek whin the boundanes of the 

RFP wll be investigated as RFP OU 6 and are not included in IHSS 200 

2 2 1 Location and Description 

Great Western Reservolr IS located approximately 1 5 mi (24 km) east of the RFP s eastern bound- 

ary in Sectmns 6 and 7 of Township 2 South Range 69 West (T2S R69W) (Figure 2 1) The 

reservoir is owned by the Crty of Broomfield and is ut~lued solely for the crtys municipal water 

supply Great Western Reservoir and the surrounding area is fenced and posted to exclude public 
access (Broomfield 1990) 

Preconstruction informaton for the Great Western Reservoir sRe is not gwen in available references 

The onginal resewoir was built in 1904 as an imgation water supply The dam has been enlarged 

on several occasions, most recently in 1958 The maxfmum heght of the dam IS 69ft (21 m) 

(Hydro-Triad, 1981) The present reservoir volume IS 3 250 acre-feet (401 hectaremeters) The 

bottom and sides of the reservoir are unlined meaning that the reservoir may or may not be 

hydraulically connected to the groundwater system in the area (MiHer, 1990) 

2 2 2 IHSS Conditions 

Although lmle site-specmc informatron is avalable concerning the geology and groundwater hydrol- 

ogy of IHSS 200, plantwide hydrogeologic studies gtve an indication of conditions in the vicinrty of 
the RFP The followtng secttons summarize relevant results of these studles and prowde slte-speci- 

fic information where avalable 
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2 2 2 1 Geology and Groundwater Hydrology 

The U S Army Corps of Engineers utilized data from two existing boreholes near Great Western 

Reservoir as part of a 1989 evaluation for a surface water interceptor system for the reservoir In 

these boreholes alluvium sutficial deposds are underlain by Arapahoe Formation bedrock at depths 

of 5 and 16 ft (1 5 and 4 9 m) Bedrock consists of claystone wdh minor interbedded sandstone 

and siltstone lenses and dips slightly to the east (Corps of Engineers 1989) The precise locations 

of these boreholes are not given in this document The Arapahoe Formation averages 250 ft (76 m) 

in thickness in the RFP area and is underlain by several hundred feet (approximately 100 m) Of 

shale compnsing the upper portion of the Laramre Formation (USGS, 1976) It IS expected that a 

similar stratigraphic sequence underlies Great Western Reservoir 

A general description of groundwater hydrogeology in the vicinty of the RFP IS given in 

Subsection 1 3 4 2 Specfic groundwater hydrogeologic information for Great Western Reservoir IS 

limded to drilling records from privately owned water wells in the vicinty of the reservoir (DWR 

1990) The description of these records glven in Subsection 2 1 3 3 for IHSS 199 also applies to 

Great Western Reservoir and the surrounding area 

2 2 2 2 Surface Water 

Great Western Reservoir is fed pnmarily by Clear Creek via Lower Church Dltch (Figure 2 1) Until 

recently the reservoir also received influent from the north and south branches of Walnut Creek, 

both of which flow from the RFP The two branches merge into a single drainage wdhin the RFP 

boundary (Figure 2 1) A chromic acid release at the RFP in 1989 prompted construction of a 

Walnut Creek dwersion around Great Western Reservoir known as the Broomfield Diversion Dltch 

(Figure 13) Surface water affected by the chromic acid was diverted around Great Western 

Reservoir and did not impact the reservoir (Dow et al 1971 to date) Walnut Creek flow from the 

RFP is now treated and dwerted south around Great Western Reservoir into the drainage below the 

reservoir outlet where rt combines wdh outflow from the reservoir The Broomheld Diversion Ddch 

prevents surface water from the RFP from reaching Great Western Reservoir Walnut Creek 

OU 3 Final/l2-06-91 DENlFLATSl61003 51 



EG&G ROCKY FLATS PLANT Manual 
RFllRl Work Plan for OU 3 

Section 2 
Revision 1 

Effectwe Date 
Page 44 of 102 

Category Final Oraantzation Rm3 

continues below Great Western Reservoir and eventually discharges to Big Dry Creek several miles 

downstream from the reservoir (US-, 1980) 

Wrthin the RFP boundary the North and South Walnut Creek drainages cOntSun the A and B-senes 

holding ponds, respectively In North Walnut Creek, there are four ponds designated A 1 ,  A-2, A 3  

and A4, from west to east (Figures 1-2 and 2-1) Ponds A-1 and A-2 are used only for spill control 

and North Walnut Creek stream flow IS dwerted around them through an underground pipe 

Pond A 3  recewes North Walnut Creek stream flow and runoff from the northern portion of the RFP 

Pond A 4  is ubllzed for surface water control and for overflow from Pond A 3  (DOE 1988) 

Fwe holding ponds located along South Walnut Creek are designated B-l,B-2, 83, 84  and 6-5 

from west to east (Flgures 1-2 and 2-1) Ponds 6-1 and B-2 are resewed for spll control Pond 6-3 

recBNBs treated effluent from the RFP sanrtary sewage treatment plant Ponds B-4 and 5 5  r-e 

surface runoff from the central part of the plant and roubnely recave discharge from Pond 6 3  

Pond B 5 also collects overflow from Pond B-4 (DOE 1988) 

The aquahc b a a  in ths reservoir comsts of the common species of penphyton and macranvette- 

brats and a hr ly  large and stable populatmn of fish since ths resewoir IS not assessable to the 

public Rooted aquatic vegetatlon around this reservoir is minimal because of fluctuating shoreline 

and subsequent denudatlon by wave action Studies to charactenze the aquatic biota in this 

reservoir have not been undertaken 

22 3 Nature of Contamination 

From the opening of the RFP in 1952 through approximately 1979 water containing decontaminated 

process and laundry effluent was dlscharged through the 6-senes ponds to South Walnut Creek 

(DOE, 1988, Dow, 1973) Cooling tower Mowdown and treatment system steam condensate were 
dscharged to the A-sene ponds which feed into North Walnut Creek These effluents were 

I 

a 
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discharged in accordance wlth internal guidelines (in particular U S Atomic Energy Commission 

[USAEC] guidelines in the early history of the RFP) and increasingly dunng the past two decades 

wlth State and Federal pollution discharge regulations The effluents contained metals 

radionuclides and inorganic ions (especially nltrate) wlthin concentration limns considered 

acceptable at the time Radionuclides and metals from these discharges accumulated in varying 

amounts in the sediments of the holding ponds Walnut Creek and Great Western Reservoir (DOE 

1980) The EPA (1 975) concluded that historic releases of radioactive contaminants from the RFP to 

Great Western Reservoir resulted primarily from the following actlvlties 

0 Early operational practices at the plant (1 950s and 1960s) 

0 Reconstruction of the holding ponds between 1970 to 1973 which resuspended 

pond sediments and released some of this material to Great Western Reservoir 

0 A 1973 trltium release from the RFP (Subsection 2 2 3 2) 

0 Airborne transfer of radionuclides (primarily plutonium) 

Available data from onslte RFP OUs particularly OU 6 (Walnut Creek Drainage) suggest that 

contaminants other than plutonium could concelvably have impacted Great Western Reservoir 

through surface water transport from the RFP Leakage from the solar evaporation ponds 

(IHSS 101 see Figure 2-1) is known to have contaminated groundwater and surface water in the 

Walnut Creek drainage primarily wlth nltrate and other inorganic ions Inorganic ions 

nonradioactive metals VOCs and uranium have been detected in the Walnut Creek holding ponds 

Herbicides which have been applied in the past at vanous locations on the RFP have also been 
detected in RFP surface water Knowledge of the fate and mobillty of these potential contaminants 

in surface water and sediments is crrtical in determining whether they could reasonably have 

impacted Great Western Reservoir and rf so whether they still exist at the slte today Contaminant 

fate and mobillty are addressed in the conceptual model for reservoirs (Subsection 2 5 2) Available 

information from onslte and offslte RFP environmental monltoring (Subsection 1 3 8) and RFP OU 
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investigations are used to venfy the predictions of the conceptual model and focus the selection of 

contaminants of concern (Subsemon 6 2) 

The following sections present chronological summaries of environmental studies conducted to date 

o f  IHSS 200 Analytical results from these studies are summarued in Table 2-3 The studies are 
incorporated by reference to the list of references in Section 12 0 

2231 Reservoir and Drainage Sediments 

The EPA conducted the first extenswe sampling of bottom sediments in Great Western Reservoir in 
February and September 1970 The results indicated that a layer of sediment contaming plutonium 

above the EPA estimated baseline (worldwrde amosphenc fallout) level of - e01 pCVg, or 

0 0037 Bq/g was present in the battom of the reservoir The thickness of the plutonium-beanng 

sediments was 2 n  (5cm) or more at all sampling locations The highest concentrmons of 

plutonium were detected in sediments in the Walnut Creek inlet area and the central section o f  the 

reservoir (leading to the dam inlet) The lowest concentrmons were found in the south arm, the 

shoreline area m e e n  the south arm and the dam and the western portion of the north arm (EPA 

1971 EPA, 1973) 

The EPA resumed their investimon of plutonium in surface water sediments east of the RFP in 

September 1973 Thls phase of the study further documented plutonium concentrations in Great 

Western Reservoir Sediment samples collected both by dredging and coring indicated that pluton- 

ium above expected baseline concentrations was present over almost the entire bottom o f  Great 

Western Reservar as a result of releases from the RFP The maximum plutonium concentration 

detected was 4 5 pCdg (Table 2-3) The results confirmed the areal distnbution of plutonium delin- 

eated by the 1970 study, except that the highest concentrations were found in the deepest areas of 
the reservoir rather than in the Walnut Creek inlet area. It was also observed that plutonium-239 

concentramns in the uppermost sediment layer increased substant~ally in the three years between 

the studies This increase was traced to an influx of sediment resuspended from the RFP holding 

ponds dunng pond reconstruction actMties This study also measured concentrations in Great 
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TABLE 2 3 

GREAT WESTERN RESERVOIR 
PLUTONIUM ANALYTICAL DATA 

No of 
Range Average Data 

(pCi/g or I) Points ( P W  or I) Data Source 

Radioactivtty Levels in the Environs of the 
Rocky Flats Plutonium Plant Golden 
Colorado 1970 April 1971 by EPA 
(Appendix E Document E 1) 
Radioactmy Levels in the Environs of the 
Rocky Flats Plutonium Plant, Colorado 
1970 Part I1 December 1973 by EPA 
(Appendix E Document E 2) 

0 11 3 Surf Sed' 0 10 0 13 

Water 003 003 1 

034 20 SurfSed 008086 

Sed Core 003 1 0 0 24 12 

eo 02 
1 4  

1 
20 

Water e0 02 
Surf Sed e0 06-4 1 Plutonium Levels in the Sediment of Area 

Impoundments Environs of the Rocky Flats 
Plutonium Plant- Colorado ' February 1975 
by EPA (AppendM E Document Ea) 
Survey of Reservoir Sediments August 
1974 by Dow Chemical (Appendix E 
Document Ed)* 
Radionuclide Concentrations in Reservoirs 

Streams and Domestic Waters Near the 
Rocky Flats Installation April 1981 by 
Battelle PNL (Appendix E Document E 5)3 
Great Western Reservoir Spillway 

Sediment Sampling Program Phase 1 
Report, May 1979 by Rockwell 
International (Appendix E Document E 7)' 
Great Western Reservoir Spillway 

Sediment Sampling Program Phase II 
Report August 1980 by Rockwell 
International (Appendix E Document E 8)' 

15 0 97 Sed Core e0 024 5 

SurfSed 068-79 3 4  5 

13 
7 

0 42 
2 7  

Sed Core 0 001 5 3 
Sed Core 0 01 8 2  

004 14 

0 074 14 

004 7 

Surf Sed 0 013-0 083 

Sed Core 0 007-0 192 

Sed Core 0 006-0 07 

3 5  48 SurfSed 0 2 6 1  
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TABLE 2-3 

GREAT WESTERN RESERVOIR PLUTONIUM ANALYTICAL DATA 
(Concluded) 

No of 

@Ci/gorI) Points 
Range Average Data 

Data Source (PCW 9 

‘Great Western Reservar Sediment Cores 
February 1985, by Rockwell International 
(Appendm E, Document E-9) SedCore 0013-54 1 2  4 

‘Surface sediment grab sampk-typica~ty represents upper 5 cm of sediments 
%esutts are for samples collected in 1973 by EPA and spirt IMth DOE Surface sediment grabs 

analyzed by Rocky Flats laboratory, sediment cores analyzed by Battelle Pacfic Northwest 
Laboratory and Lawrence W e m e  Nat~onal Laboratoty 

3Cdlected numerous water and sediment samples in which plutonium conce?Mratms were not 
measured 

‘Great Western Reservoir spillway sediments sampled pnor to removal and dsposal 

OU 3 Find1 2-1 

.- a 1 



EG&G ROCKY FLATS PLANT 
RFllRl Work Pian for OU 3 

Category Final 

Manual 

Section 
Revision 
Page 
Effective Date 
Organzation 

2 
1 

49 of 102 

Western Reservoir sediments of selected radionuclides other than plutonium and of beryllium No 

signrficant vanations in the concentrations of these potential RFP contaminants were observed 

throughout the reservoir or between Great Western Reservoir and Standley Lake (IHSS 201) (EPA 

1975) 

The 1970 and 1973 EPA studies also sought to confirm the estimated plutonium baseline (back 

ground) level by sampling sediments from Front Range reservoirs believed to be unaffected by the 

RFP During the 1970 study sediment samples were collected from Calkins Lake and Autrey Reser 

voir (EPA 1971 EPA 1973) During the 1973 study samples were collected from Cherry Creek 

Reservoir Marston Lake and Ralston Reservoir (EPA 1975) WIth one exception analysis of 

samples from these reservoirs yielded plutonium 239 levels below - e0 1 pCi/g (0 0037 Bug) sub 

stantiating EPA s estimated baseline concentration 

An accidental release of treium from the RFP into Walnut Creek and Great Western Reservoir 

occurred in 1973 (EPA 1974) Subsequent studies measured tritium concentrations in reservoir 

water as a result of the release Trflium contamination in reservoir sediments has not been studied 

however tritium would not be expected to concentrate in sediments because of Its high mobillty in 

the environment (Rockwell 1988c) 

In 1974 Battelle Pacrfic Northwest Laboratories conducted an investigation of radionuclide concen 

trations in reservoir and stream sediments near the RFP Concentrations of plutonium239 

plutonium 240 and amencium 241 in the sediments of Great Western Reservoir and Walnut Creek 

were found to exceed baseline levels (presumably the EPA baseline of - e0 1 pCi/g [0 0037 Bug]) 

The study estimated the total inventories of plutonium and americium in Great Western Reservoir 

sediments at 244 millicurie (mci) and 73 mCi (9 02 and 2 7 gigabecquerel [GBq]) respectively 

Concentrations of cesium 137 were at or below expected baseline concentrations Age dated 

sediment cores (using cesium 137 as an age dating marker) collected during this study from Great 

Western Reservoir demonstrated two separate periods of plutonium deposition 1968 to 1969 and 

1959 to 1964 both of which coincide wrth recorded controlled waterborne releases from the RFP 

Worldwide fallout from atmospheric nuclear weapons testing may also have contributed to the 
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plutonium in the 1968 to 1969 sediment layer (Battelle, 1981) The 1968 to 1969 peak detected in 
the Battelle study also corresponds to a penod of windbome releases from the 903 Pad, a former 

drum storage area near the eastern end of the RFP controlled area (Figure 2-1) (DOE, 1991a) 

Also in 1974, Colorado State Unnrerstty conducted a study of plutonium in aquahc systems of the 
RFP emrons T ~ I S  study concluded that the clay fractii of RFP sediments has an extremely high 

affinrty for plutonium and, left undisturbed prmdes an excellent retentton mechanm for plutonium 

in the aquatic system Laboratory studles related to ths investigation showed that the adsorption of 
plutonium onto the sediments was rapid and essentially irreversible (CSU, 1974) 

Results of stud= conducted through 1974 were summarized in a 1975 report by Dow Chemical 

According to this report the studies demonstrated that plutonium in sutface water impoundments IS 

not readity transported from the impoundments Consequently, the mapnty of the plutonium 

released through RFP surface waters was conta~ned in the onstte holding ponds Plutonium con- 

centrations in Walnut Creek sediments increased downstream suggest~ng downstream mrgration of 
plutonium released at an earller ttme @ow, 1975) 

In 1979 and 1980 Rockwell lntematlonal measured plutonium and ameflclum concentrations in sedi- 

ments on the Great Western Resetvoir overfkw spillway pnor to removal and dsposal of the sedk 

ments by the Ctty of Broomfield Levels of plutonium-239 plutonium240, and americium-241 in 

spillway sediment samples were near regional atmosphenc fallout background concentratrons 

Plutonium concentrattons averaged 0 04 pCVg and peaked at 0 19 pCVg in the splllway sediments 

Plutonium and arnencium concentrattons in the spillway sediments vaned little wtth depth 

supportmg the concluson that the sediments accumulated through a combinahon of hillslope 

eroston, wave act~on, and sediment mpung rather than the conttnuous lacustnne deposItiOn typcal 

of the reservoir bottom sediments (Rockwell, 197% Rockwell 1980) 

In 1983, Rockwell International collected 48 sediment surface grab samples and four sediment cores 

dunng an extenswe Great Western Reservoir geochemical sampling prolect Duplicate cores were 

collected I three locations for pnt anslrysrs by the Ctty of Broomfield The results of thfs study were 
l 
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not published in report form but were summanzed in public meetings Maximum recorded pluton 

ium concentrations in these cores were 5 4 pCi/g (Rockwell) and 4 9 pCi/g (Broomfield) occurring at 

depths of 17 in (43 cm) and 7 5 in (19 cm) respectively The study indicated that plutonium existed 

in a discrete sediment horizon corresponding with historical releases from the RFP and that this 

horizon had been buned to varying depths by subsequent sedimentation Sedimentation rates 

based on core samples were determined to vary from >1 4 in/yr (>3 5 cm/yr) in the eastern deeper 

areas of the reservoir to e0 1 in/yr (<O 25 cm/yr) in the shallower areas (Rockwell 198%) It was 

also concluded that no evidence of plutonium migration through the sediment column existed 

(Rockwell 1988c) 

Numerous studies have focused on surface soil plutonium contamination east of the RFP (DOE 

1991a) Elevated plutonium concentrations have been measured in surface soils north west and 

south of Great Western Reservoir as a result of windborne releases from the 903 Pad a former 

drum storage area within the RFP (Figure 2 1) The distribution of surface soil plutonium 

contamination around the reservoir suggests that windborne particulates have contrtbuted to the 

plutonium in Great Western Reservoir sediments 

2 2 3 2 Reservoir and Drainage Water Quality 

Surface water qualty in North and South Walnut Creeks and in Great Western Reservoir has been 

monitored since shortly after the RFP opened in 1951 Tap water is also monitored for prospectwe 

RFP derwed contaminants in a number of municipalities around the RFP including the Crty of 

Broomfield which is supplied by Great Western Reservoir (see Subsection 137) In addition a 

number of historical studies have focused on potential impacts to IHSS 200 water qualrty as a result 

of RFP releases 

A 1973 EPA study concluded that dissolved plutonium concentrations in water samples from Great 

Westem Reservoir and Walnut Creek were less than atmospheric fallout derived baseline COnCentra 

tions of e0 03 picocuries per ltter (pCi/I) (e0 001 Bq/l) Dissolved uranium concentrations were less 

than the expected natural background of 2 5 micrograms per Iter (EPA 1975) 
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An accidental release of tntum in 1973 from the RFP into Walnut Creek and Great Western 

Reservoir was the focus of another EPA study The EPA mmated that the release resulted in a 

total committed dose of 4 millirem (0 04 millsievert) to the average indiwdual using the reservoir as 
a source of dnnking water The €PA found that ths dose had minimal impact on public heatth and 

did not recommend any mttlgatwe actions (EPA, 1974) Trittum concentrations in Great Western 

Resenrotr waters returned to approxlmately background levels by 1977 (Rockwell 1988c) Tnbum is 

one of the radionucltdes routinely monttored in RFP surface water effluents and nearby public water 

suppiles (Daw et al , 1971-date) 

Hlstoncal data for Great Western Reservoir indicates the resemr IS generally at tts b e s t  capacny 

in March Apnl and May, and at I& highest capaclty in July, August, and September Dunng March, 

Apnl, and May, the average reservoir storage from 1987 through 1990 was 1,900 acre-feet Dunng 

July, August, and September, the average reservotr capactty was 3,100acre-feet Addnlonal 

informatm regarding hlstol7cal flows from dttches surrounding Great Westem Reservoir has been 
Obtatned and wtll be summartzed in the OU 3 RFI/RI Report. 

In 1974, Battdle conducted an invwgatlon of radtonuclide concentrattons in reservars streams, 

and domesttc tap waters near the RFP Plutonium-239, plutonium-240, and amenclum-241 concen- 

trations in Great Western Reservoir and Walnut Creek water were slightly above the expected 

atmospheric fallout background, which was not specifically quantdbd in ths study Concentrations 

of these three radionuclides in Braomfield tap water were slightly above the detection liml of 

4 5x1@ pCI/I (1 7xlO* Bq/l) but were more than four orders of magnitude lower than the EPA 

Nattonal Pnmary Dnnking Water Regulat~on of 15 pCI/I (0 55 Bqb) for total long-ltved alpha aczNlty 

(exclusnre of radon and uranium) (Battelle 1981) 

A 1981 Rockwell International study stattstically compared available gross alpha and plutonium 

monrtonng data for areat Westem Reservoir water and Broomfield tap water vvlth pbtonium and 

gross alpha data for other regtonal water bodies and suppltes All of the compat~sons (wtth the 

Bxceptlon of those for Ralston Reservoir water, in which very low plutonium concentrations were 

found) indicated that concemabons of plutonium and gross alpha in the regmal waters did not 
I 
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statistically dRer from those in Great Western Reservoir water and Broomfield tap water (Rockwell 

1981) 

Water from Great Western Reservoir is filtered at the Broomfield Water Treatment Plant The filters 

are routinely backwashed into a settling lagoon at the plant Accumulated backwash sludge is 

periodically removed from the lagoon and analyzed for a variety of parameters including plutonium 

prior to disposal Plutonium above background concentrations has not been detected in the sludge 

in past analyses Filter sludge was last analyzed and removed from the lagoon approximately 

5 years ago (Broomfield 1990) Filter sludge was also analyzed at the Broomfield plant by the EPA 

(1971) and Battelle (1981b) 

2 3 IHSS 201 (STANDLEY LAKE) 

The IHSS 201 encompasses Standley Lake offsae reaches of Woman Creek (which flows into the 

reservoir from the RFP) and downstream surface water features possibly impacted by outflow from 

the reservoir (Figure 2 1) Portions of Woman Creek wlthin the boundaries of the RFP will be investi 

gated as RFP OU 5 and are not included in IHSS 201 

2 3 1 Location and Description 

Standley Lake IS a large reservoir located approximately 2 mi (3 2 km) southeast of the RFP s east 

ern boundary (Figure 2 1) in Sections 16 17 20 21 22 and 28 T2S R69W Uses of the reservoir 

include municipal water supply and recreation The reservoir has been owned by The Farmers 

Reservoir and Irrigation Company of Brighton Colorado since Its construction between 1909 and 

191 9 Although the dam has undergone periodic maintenance and reconstruction most recently in 

1978 Standley Lake s present volume of 43,000 acre feet (5 300 hectare meters) has remained rela 

tively unchanged since rts construction Approximately 67 percent of the reservoir water IS used as 

municipal water supply for the crties of Westminster Northglenn and Thornton The remaining 

33 percent is transported through irrigation ditches to agricultural areas northeast of the lake pn 

manly between Broomfield and Fort Lupton Standley Lake receives approximately 96 percent of its 
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water from Clear Creek wa an irrigation ditch but is also fed by Woman Creek (Flgures 13 and 2-1) 

which dmns the southern side of the RFP (Farmers, 1990) 

Historical data for standley Lake indicates the lake is at its lowest capacity during January, 

February, and March, and at its highest capacity dung June, July, and August The lowest 

capacrty in Standley Lake has been approximately 29,900 acre-feet, in January of 1989 and its 

highest capaaty was approximately 43 300 acre-feet, in June of 1988 through 1991 (data from 1988 

through 1991 was revtewed) Additional informatm regarding historical flow from ditches 

surrounding Standley Lake has been obtamed and wll be s u m m e d  in the OU 3 RFI/RI Report 

23 2 IHSS Conditions 

Although llttle Slte-speCmC information IS avalable concerning the geology and grounetwater hydrd- 

ogy of lHSS 201 , plantmfe hydrogeologlc studies gwe an indication of conditions in the vlcinlty of 

the RFP The folkwing sectmns Summame relevant results of these stud= and provide site-speci- 

fic informaon where avalable 

2321 G d o g y  and Groundwater Hydrology 

A geologic characterization of Standley Lake was performed by Mineral Systems, Inc in 1982 to 

provide data for the enlargement of the dam and resewoir Bedrock outcrops at vanous locations 

around the lake consst of claystme with interbedded sandstone lenses, probably of the Arapahoe 

Formaon These units dip gently to the northeast Overtying the bedrock are sutficial deposits 

averaging 15 to 20 ft (5 to 7 m) thick conssting of a series of alluvial terraces colluvium and minor 

other deposits No faults have been idenbfied in the area (Hydro-Triad, 1982) Although other site- 

specific information concerning Standley Lake geology and groundwater hydrology are lacking, it is 

expected that conditions in the immediate wcinity of the resetvoir are similar to those described in 

Subsection 22 2 1 for Great Western Resenrorr 
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2 3 2 2 Surface Water 

Within the RFP boundary the Woman Creek drainage contains the two C series holding ponds 

Ponds C 1 and C 2 (south and east of the main production area respectively) (Figures 1 2 and 2 1) 

Pond C 1 recewes flow from Woman Creek This flow is diverted around Pond C 2 and back into 

the Woman Creek channel downstream of Pond C 2 Pond C 2 recetves surface tunoff from the 

South Interceptor Ditch which collects surface runoff from the southern portion of the RFP main 

production area (Rockwell 1988a) The South Interceptor Ditch runs along the south 

(downgradient) side of the main production area between the controlled area and Woman Creek 

(Figure 1-2) Pond C 2 water formerly was discharged into Woman Creek in accordance with the 

NPDES permit for the RFP More recently water was pumped from Pond C 2 into a treatment 

facilty then through an aboveground pipeline to the Broomfield Dtversion Ditch where It was 

discharged in accordance wlth applicable regulations and by agreement wlth the Clty of Broomfield 

Options to discharge Pond C 2 water to the Broomfield Diversion Ditch or to Ponds A4B5 are being 

completed Treatment of this water will be provided on a contingency basis as required to meet 

applicable regulations Surface water controls within the RFP allow the RFP to effectively prevent 

runoff from the main production facrlky (the controlled area shown in Figure 2 1) from reaching 

Standley Lake 

2 3 2 3  Biota - 

The aquatic biota in this reservoir are typical for large bodies of water in this area but an inventory 

and characterization have not been published CDH fish toxicty monitoring in Standley Lake has 

determined that the fish were safe for human consumption The species analyzed were walleyes 

channel catfish smallmouth bass and rainbow trout Other species of fish may occur in this 

reservoir but were not sampled Bald eagles have been sighted at Standley Lake especially during 

the winter and spring and they prey on fish in the lake 
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2 3 3 Nature of Contaminatlon 

Radioactive matenals released from the RFP may have been transported to Standley Lake through 

surface water (pnmanly in suspended sediments) and/or airborne parbculates (fugnive dust) 

Between 1952 and 1973, the RFP discharged water treatment facihty fitter backwash rnto Pond C-1 , 
which dtscharges into Woman Creek (Rockwell, 1988c) At present, only buffer zone surface runoff 

and natural groundwater seepage flow into the Woman Creek dratnage whin the RFP boundary 

@ow et al 1971 to date) 

Prospectwe RFP sources of contaminants other than plutonium to Standley Lake, particularly VOCs 

and uranium, exst in OU 1 (881 Hillside) and OU 2 (903 Pad, Mound and East Trenches) 

Herbicides whlch have been applied HI the past at vanous locations on the RFP have also been 

detected in RFP surface water The fate and mobtllty of these potential contaminants are addressed 

in the conceptual model for reservoirs (Subsection 25 2) Available information from o m e  and 

ofkite RFP environmental monitonng (Subsection 138) and RFP OU investigatKKIs are used to 
verify the predictmns of the conceptual model and focus the selection of contaminants of concern 

(Subsection 6 2) 

The folbwng sections present chmloglcal summaneS of envtronmental studles conducted to date 

of lHSS201 Anaiytd results from these studies are summarued in TaMe2-4 Many of the 

studies conducted at Great Western Reservoir (Subsection 2 23) also included Standley Lake 

Reports associated wrth these studies are inwrporated by reference to the 1st of references in 
Section 12 0 in this document. 

2.3 3 1 Reservoir and Drainage Sediments 

The EPA collected four surface grab samples and two cores of battom sediments from Standley 

Lake in 1970 The results indmed possible plutonium contamination above the estimated 

- e 0  1 pCdg (0 0037 Bqg) baseline concentration (worldwrde atmosphere fallout) in the deeper areas 
of the reservoir EPA concluded that elevated plutonium in Standley Lake resulted from unspecfied 
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STANDLEY LAKE 
PLUTONIUM ANALYllCAL DATA 

Range Average Number of 
Data Source (PCi& or I) (pCi/g or I) Data Points 

'Radioactmy Levels in the Environs of the 
Rocky Flats Plutonium Plant, Golden 
Colorado 1970 April 1971 by EPA 
(Appendtx E Document E 1) 
Radioactmy Levels in the Environs of the 

Rocky Flats Plutonium Plant Colorado 
1970 Part II December 1973 by EPA 
(Appendtx E Document E 2) 

Surf Sed' 0 04 0 05 2 

1 

0 045 

<o 02 Water coo2 

Surf Sed 0 05-0 21 0 13 2 

0 19 2 Sed Core 0 09 0 37 

(0 02 
0 07 

1 
17 

Water c 0 02 
Surf Sed c0 02 0 17 'Plutonium Levels in the Sediment of Area 

Impoundments Environs of the Rocky Flats 
Plutonium Plant-Colorado February 1975 
by EPA (Appenduc E Document Ea) 
'Survey of Reservoir Sediments August 
1974 by Dow Chemical (Appendtx E 
Document E4)* 

0 07 8 Sed Core c 0  03 

Surf Sed 0 13 3 16 
0 16 

6 

8 

13 

0 016 Sed Core 0 00007 
0 109 

'Radionuclide Concentrations in Reservoirs, 
Streams and Domestic Waters Near the 
Rocky Flats Installation Apnl 1981 by 
Battelle PNL (Appendix E Document E 5)3 
Time Pattern of Offsite Plutonium 
Contamination from Rocky Flats Plant by 
Lake Sediment Analyses July 1978 by 
DOE (Appendtx E Document E 6) 

Surf Sed 0 15-0 29 022 

0 0015 

3 

1 Water 00015 

Sed Core 003-056 0 15 2 

a 
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TABLE 2 4  

STANDLEY LAKE 
PLUTONIUM ANALYTICAL DATA 

(Concluded) 

RPnge Average Number of 
@CUg or 9 Data Points Data Source W V 9  01 9 

'Standley Lake Sediment Sample Collection Surf Sed ND4-0 55 004 63 

International (AppendDc E, Document E-10) Sed Core 0 052-0 61 0 12 2 
Summary,' September 1984, by Rockwell 

'Surface sediment grab sampktyp ica~~~ represents upper 5 cm of sediments 
2Results are for samples collected in 1973 by EPA and spln wrth DOE Surface sediment grabs 
analyzed by Rocky Flats laboratq, sediment cores analyzed by Battelle Pacmc Northwest 
Laboratory and Lawrence hermore Nat~onal Laboratory Reported values from Rocky Flats 
laboratory are much higher than those recorded in other Standley Lake sampling programs 
Very low confidence in these values 

3Collected numerous water and sediment samples in which plutonium concemrations were not 
measured 

%lD = below 1984 Rocky Flats laboratory detection limn of 0 002 pCVg 
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releases from the RFP and speculated that these releases occurred from surface water erosion and 

transport of plutonium contaminated soil (EPA 1971 EPA 1973) 

EPA resumed their investigation of plutonium in surface water sediments east of the RFP in 1973 

Analysis of 17 surface grab samples and eight cores of Standley Lake sediments yielded plutonium 

concentrations above estimated baseline concentrations in only two of the surface grab samples 

Plutonium concentrations in the cores taken at the locations of these grab samples were similar to 

baseline concentrations (e - 0 1 pCi/g) EPA believed the cores to be more representative of actual 

conditions at the two locations and concluded that the collective sampling effort did not indicate 

any discernable plutonium contamination in Standley Lake sediments attributable to RFP releases 

(EPA 1975) 

During a 1974 investigation of radionuclides in the sediments of reservoirs and streams near the 

RFP Battelle Pactfic Northwest Laboratories collected eight surface sediment grab samples and a 

single sediment core from Standley Lake Several samples contained plutonium above EPA esti 

mated baseline levels of - e0 1 pCi/g (0 0037 Bq/g) Based upon the single core sample Battelle 

extrapolated total plutonium and americium inventories for Standley Lake sediments at 60 and 

18 mCi (2 2 and 0 7 GBq/g) respectwely The core also suggested that cesium 137 levels in 

Standley Lake sediments were typical of atmospheric fallout baseline levels The Battelle study did 

not attempt to define the historical source of Standley Lake plutonium contamination (Battelle 1981) 

Separate studies of plutonium in the surface water systems in the vicintty of the RFP concluded that 

(1) plutonium rapidly and almost irreversibly attaches Itself to clay sediments (CSU 1974) and 

(2) plutonium in surface water impoundments does not move very far or very rapidly through sub 

surface waters meaning that the major@ of the plutonium released through RFP surface waters was 

contained in the onslte holding ponds (Dow 1975) 

The DOE collected two sediment cores from Standley Lake in August 1976 and determined through 

correlation of peak radionuclide concentrations in the longer core that It represented approximately 

14 years of sedimentation (1962 to 1976) This dating enabled DOE to calculate an average sedi 

DEN/FLATS16/033 51 OU 3 FinaU12-06-91 



EG&G ROCKY FIATS PUNT Manual 
RFVRl Work Plan for OU 3 

w o n  2 
h i o n  1 

Effectwe Date 
Page 600f102 

catsgory Final Organmbon - 
mentation rate for the core location of 1 3 in/yr (3 4 cm/yr) and to conclude that plutonium concen- 

tratrons in the core location exceeded baseline levels slnce 1966, peaked in 1969, and declined after 

1969 The report attributed 70 percent of the plutonium in Standley Lake to releases from the RFP 

and speculated that ths plutonium was transported both by a~rbome particulates and by sol1 ero- 

slon wrthin the lake dmnage basin (such as surface water) The ttme correlation of plutonium depo- 

slion in the core corresponded vvlth the known penod of windborne plutonium release from the 

903 Pad at the RFP (Figure 2-1) (DOE 1978) 

Rockwell International conducted an extenswe sediment samplrng program at Standley Lake in 1984 

to evaluate sediment plutonium concentrz&ons and to compare the results with prevlous work A 

total of 63 surface sediment grab samples and four sediment cores were collected by Rockwell of 

which seven grab samples and two cores were collected pntly the CW of Westminster The 

results of this study were not publtshed in report form, but were summarued in public meetings A 

max1mumconcentratlonofO61pC1/g(O02Bq/g)wasdetectedatadepthof63to71 in(16to 
18 cm) in one core The maximum plutonium concentration measured in the surface Sediment grab 

samples, whlch potemally represented a sediment depth of several inches, was 055pCVg 

(0 018 Bqlg) (Rockwell 1984) 

In 1989 the CDH analyzed vsvlous species of fish collected from Standley Lake to determine if they 

were safe for human consumption The fish were analyzed for selected metals, radionuclides 

(including plutonium-239 plutonium-240, and cesium 137) and pnonty organic pollutants No radio- 

nuclides were detected in the fish, however, low concentmom of cadmum, mercury, selenium, and 
the pesticides DDT DDE DDD and malathion were detected The report stated that the source(s) 

of these contaminants was indeterminate but that none of the contaminants detected were unique 

to the RFP It was concluded that the contaminants may have ongnated from a vanety of sources 

in the watershed including water dwerted from Clear Creek which contributes 96 percent of the 

influent to Standley Lake (CDH, 1990c) 
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2 3 3 2 Reservoir and Drainage Water Quality 

Surface water qualrty in Woman Creek and Standley Lake has been monltored since shortly after the 

RFP opened in 1951 Tap water is also monltored for prospectwe RFP-derived contaminants in a 

number of municipallties around the RFP including the crties of Westminster, Thornton and 

Northglenn which are supplied by Standley Lake (see Subsection 1 3 7) In addrtion several histori 

cal studies have focused on potential impacts to Standley Lake water qualrty as a result of RFP 

releases 

A 1973 study by the EPA concluded that dissolved plutonium concentrations in water samples from 

Standley Lake were less than atmospheric fallout derwed baseline concentrations of <O 03 pCiA 

(0 001 Bq/9 Dissolved uranium concentrations were less than the expected natural background of 

2 5 micrograms per Iter (EPA 1975) 

Battelle Paclfic Northwest Laboratories analyzed Standley Lake water as part of their investigation of 

radionuclide concentrations in reservoirs streams and domestic waters near the RFP 

Plutonium 239 plutonium 240 and americium 241 concentrations in Standley Lake water were 

above the expected atmosphenc fallout background which was not specrfically quantrfied in thls 

study but were more than four orders of magnitude lower than the EPA National Primary Drinking 

Water Regulation of 15 pCi/I (0 55 Bq/I) for total long-lwed alpha activrty (excluswe of radon and 

uranium) Concentrations of these three radionuclides were below detection limss of 4 5x1 0" pCi/I 

(1 7x1 O5 Bat) in Westminster tap water (Battelle 1981) 

Filtration of Standley Lake influent occurs at the Northglenn Thornton and Westminster water 

treatment plants Discussions wrth personnel at each of these facillties indicate that filter backwash 

sludge is not and has not previously been analyzed for plutonium or gross alpha actwrty 
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2 4 IHSS 202 (MOWER RESERVOIR) 

IHSS 202 encompasses Mower Reservoir, offsrte reaches of the imgation ditch whch feeds the 

resetvoir from Woman Creek, and downstream surface water features posslbly impacted by outflow 

from the reservoir (Figure 2-1) Portions of this irngation ditch wtthin the boundanes of the RFP are 

part of RFP OU 6 and are not mcluded in IHSS 202 

2 4 1 Location and Description 

Very llttle documentation exists for Mower Reservoir a small, privately-owned impoundment located 

just southeast of the RFP in Section 18, T2S R69W The reservoir IS fed by Woman Creek via 

Mower Ditch an imgation ditch that originates mhin the RFP boundary (Figure 1-3) Mower 

Reservar IS used for agncultural purposes, pnmanly cattle watenng and imgamn, and fluctuates in 
capacQ depending upon water supply and demand It covers an area of approxlmatety 9ac 

(3 6 ha) and IS roughly 50 ft (15 m) deep at rts deepest point (Personal communmtion 1990) 

Outflow from Mower Reservar flows southeast from the reservotr, eventually discharging to Standley 

Lake (Figure 13) Mower Reservoir is lctcated on land, that was the sum of a b u t  aga~nst the 

RFP by several landowners alleging contamination of the land surface by releases from the plant 

(DOE 1991a) 

2 4 2 IHSS Conditions 

No ste-speclfic information is a m W e  for geologic and groundwater condmns at Mower Reservoir 

The geology and groundwater hydrology of Mower Reservoir are expected to be similar to those 

descnbed for Great Westem Reservar (Subsection 2 22 1) Because Mower Reservoir IS fed by a 

diversion from Woman Creek, surface water pathways from the RFP to Mower Reservoir are similar 

to those descnbed for Standley Lake (Subsection 2 3 2 2) Biota at Mower Reservoir are expected 

to be slmilar to those at Great Western Reservar (Subsecton 2223) and Standley Lake 
(Subsection 2 3 2 3) 
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The DOE recently examined the possibilrty of discharging water from RFP holding Pond C 2 to 

Mower Reservoir via Woman Creek and Mower Ditch (Figure 23) The following conditions would 

have to be met in order to discharge Pond C 2 water to Mower Reservoir 

0 All site speclfic CWQCC discharge standards would have to be met by the RFP (see 

Section 2 2 2 2 of this document) 

0 Permission would have to be obtained from the owner of Mower Reservoir 

0 Assurance would have to be obtained from the reservoir owner that the water would 

be used only for agricultural purposes 

2 4 3 Nature of Contamination 

In contrast to the extensive historical sampling data available for Great Western Reservoir and 

Standley Lake only very limlted data have been collected to characterize Mower Reservoir 

Because the reservoir is not a public water supply its water quallty is not monitored and has not 

previously been evaluated RFP-derwed contaminants in Mower Reservoir are believed to have 

been transported primarily as airborne particulates and to a lesser degree by surface water through 

the Woman Creek drainage which may have contributed to plutonium concentrations in Standley 

Lake sediments (see Subsection 2 3 3) It can be inferred that contaminant concentrations resulting 

from releases into Woman Creek would be similar for Mower Reservoir and Standley Lake while 

concentrations resulting from airborne releases and from erosion and transport of contaminated 

soils by surface runoff would be similar for Mower Reservoir and Great Western Reservoir 

Mower Reservoir sediments were sampled in 1970 during EPA s initial study of radioactive contami 

nation in the aquatic environs of the RFP A total of four surface sediment grab samples were 

collected Plutonium concentrations in these samples ranged from 0 09 to 0 18 pCi/g and averaged 

0 14 pCi/g slightly exceeding EPA s estimated baseline concentration of - e0 1 pCi/g (EPA 1971 
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EPA 1973) No further characterization of Mower Reservoir contamination has been conducted 

since this 1970 sampling effort 

Numerous investigations have focused on elevated plutonium concentrations in surface soils around 

Mower Reservoir (DOE 1991 a) These studies have concluded that the pnmary source of the pluto 

nium was windborne particulates from the 903 Pad (Figure 2 1) It is expected that Mower Reservoir 

received similar amounts of plutonium through airborne transport as the nearby land surface 

2 5 CONCEPTUAL MODELS 

Utilizing the information obtained in past studies of OU 3 conceptual models of contaminant 

exposure pathways for offslte soils (IHSS 199) and reservoirs (IHSS 200 201 and 202) are 

presented here for use in the evaluation of the potential risks of OU 3 contamination to human 

health and the environment 

The primary purpose of the conceptual models is to aid in identrfying exposure pathways by which 

populations may be exposed to contaminants from the IHSSs The EPA defines an exposure 

pathway as a unique mechanism by which a population may be exposed to the chemicals at or 

originating from the slte As shown in Figure 2 12 an exposure pathway must 

include a contaminant source a release mechanism a transport medium, an exposure route and a 

receptor An exposure pathway is not complete wlthout each of these five components The 

individual components of the exposure pathway are defined as follows 

(EPA, 1989c) 

a 

0 Contaminant Source For purposes of the OU 3 conceptual models the 

contaminant sources are the media in each IHSS which are known to have been or 

which potentially have been directly affected by releases from the RFP These 

source media are the surface soils at IHSS 199 and the sediment and surface water 

of IHSS 200 201 and 202 Because known contaminants at OU 3 have been 

traced to past releases from the RFP the plant IS shown in the models as a 

historical contaminant source to the IHSSs 
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0 Release Mechansm Release mechanisms are physical and/or chemlcal processes 

by which contaminants are released from the source The conceptual models 

identify mechanisms which release contaminants directly from the source and those 

which release contaminants from transport med i  (ie, secondary release 

mechanisms) Numerous potential release mechanlsms and secondary release 

mechanisms for OU 3 are discussed in the conceptual models 

0 Transport Medium Transport media are the environmental medla into whlch 

contaminants are released from the source and from whlch the contaminants are in 

turn released to a receptor (or to another transport medium by a secondary release 

mechanm) Potential transport media for OU 3 include ar, surface water, 

groundwater and biota (both flora and fauna) 

0 Exposure Route Exposure routes are avenues through which contaminants are 

physiologically incorporated by a receptor Exposure routes for receptors at OU 3 

are inhalaton, ingestlon, and dermal contact 

0 Receptor Receptors are human or environmental populations that are affected by 

the contaminatlon released from a site Human receptors for OU 3 include nearby 

residents and wsltors to the area Environmental receptors include biota (both flora 

and fauna) indigenous to the OU 3 environs 

The conceptual models prmde a contaminant source characterization and an overvw of all the 

potential exposure pathways that may result from releases from and/or into each transport medium 

Some of these pathways have a higher potential for occunence than others Sign- exposure 

pathways have been rdentmed by evaluating the fate and mobility of the contaminant in each 

potential source and transport medium that are included in the conceptual models 

~ - .  *. . 
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2 5 1 Conceptual Model for Offkite Surface Soils (IHSS 199) 

The general conceptual model for offsite surface soils is shown in Figure 2 13 The exposure 

pathways for the various elements of the conceptual model are explained in the following 

subsections The IHSS 199 pathways are prioritized based on the Past Remedy Report (DOE 

1991 a) and are presented in Figure 2 14 The primary exposure pathway from a human health risk 

standpoint is inhalation of soil dispersed to air through wind erosion The secondary pathway IS 

direct ingestion of soil The remaining pathways are believed to constitute a negligible risk to 

human health but are addressed in the work plan The pathways were used to design the field 

sampling plan for OU 3 (see Section 6 0) Each numbered pathway is presented in detail in 

Appendix A The pathways are referenced throughout the work plan to show how each pathway is 

being addressed 

2 5 1 1 Historical Contamination Source 

As shown in Figure 2 13 the RFP IS considered the historical contamination source to the offsite 

surface soils Based on information presented in Sections 1 0 and 2 0 on RFP geographical setting 

and environmental monitoring the airborne pathway is considered the only reasonable migration 

pathway that could transport contamination from the RFP to offslte surface soils Known and 

potential RFP impacts on IHSS 199 are discussed in Subsection 2 1 4 1 An understanding of the 

fate and mobility of the potential contaminants involved is useful in determining whether they could 

reasonably have impacted offsite surface soils and rf so whether they still exist in the soils today 

Chemical and physical characteristics of chemicals and environmental media affect the 

environmental fate and transport of a chemical Table 2 5 presents some of the relevant chemical/ 

physical parameters that control the environmental fate and transport of representatwe organic 

chemicals 

Target Compound List (TCL) volatiles generally are more mobile in the environment than other 

chemicals Volatiles are generally characterized by relatively high water solubility (greater than 
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100 mg/l) and volatilty (vapor pressures greater than 1 0 mm Hg and Henry s Law Constants 

greater than 0 1) Volatiles can be expected to migrate through soils in both liquid and vapor 

phase and to be transported by groundwater and surface water as neutral solutes This is denoted 

by retardation factors (Rd) between 1 and 50 (Chemical migration velocrty = water migration 

velocty/Rd) The Henrys Constants of volatiles suggest a tendency to volatilize from aqueous 

systems (including soil/water) to the atmosphere and therefore are unlikely to be detected in soils 

Since the airborne pathway is the only reasonable migration pathway contributing to offsrte surface 

soil contamination R is unlikely that volatile contamination exists in OU 3 soils because of the high 

likelihood of volatlzation 

Semlvolatile compounds and pesticides/PCBs typically are much less mobile than volatile 

compounds The retardation factors for semivolatiles and pestcides/PCBs range from 

approximately 100 to over 180 000 000 wdh the exception of phenolic compounds Phenols are 

relatively mobile because of their high water solubillty Semlvolatiles and pesticides/PCBs exhibrt 

low to negligible volatilrty as indicated by the low vapor pressures and Henrys Constants This 

suggests a low propenslty for volatilization of these compounds to the atmosphere from soil and 

surface water 

Table 2 6 summarrzes the distribtAon coefficients for radionuclides and inorganic elements The 

distribution coefficients are considered empincal and are strangely influenced by the environmental 

condttions existing where the expenments are performed Inorganic compounds dtffer from organic 

compounds in that they can be present in solution in a number of drfferent forms or species The 

form of an inorganic chemical is important in evaluating that chemical s mobillty Each species or 

complex may have drfferent solubildies and the concentration of each can be related to several 

factors including pH and oxidation/reduction potential 

The following subsection presents specific fate and transport discussions for radionuclides and 

nonradioactlve contaminants that are likely to occur in IHSS 1 9 9  The discussion focuses primarily 

on plutonium since plutonium has been documented as a primary contaminant of concern at 

IHSS 199 
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TABLE 2-6 

LJTERATURE DlSTRlBUTlON COEFFICIENTS 
FOR RADIONUCLIDE AND METALS ELEMENTS 

Summary Range 
Chemical Reprmmtative Value' Low Maximum 

Radionuclide 

AmenCIUm-241 

Bismuth-214 

Cadmium 109 

ceslum-143 

Cesium-137 

coban-60 

-21 2-Bmuth 

Plutonium-238,239,240 

Potassurm-40 

Rad~um-288 

700 

200 
6 5  

850 

loo0 

45 

900 

4,500 

55 

450 

a' 

126' 

304 

lr' 
0 2' 

4 5' 

0 4* 

20' 

200' 

47,230' 

503 

3ooood 
52#000' 

23,6244 

7,640' 

8 7E? 

9 0' 

'U S Depamnent of Energy, 1984, A reww and Analysis of Parameters for Assessing Transport 
o f  Emronmental Released Radlonudides through Agriculture 

'U S Department of Energy, 1980, Determinadron o f  Dlstnbmon Coefficients for Plutonium, 
range of resub for a vanety of sediments in the Enewetak Lagoon uslng Lab and Field 
experiments Transuranic Elements in the Envlronment Technical Information Center 
sCouphtresr P J and Thome, M C , 1983, Radionuclide DtstnbutK>n and Transport HI Terrestrial 
and Aquatic ecosystems A Compendium of Data 

'ACS Symposium S m ,  1979, Radioactive Waste in Geolog#: Storage (Abyssal Red Clay) 
Conc-lE3-lE8 mg/atom/ml in 0 68N NaCl Soin Dlstnbuted CoefIicmt for CS pH27-8 0 
Figure 1 for Cd pH 53 Flgure 3, for Sr Phyl-73 for Ba pH 26-83 Flgure 2 for Ce pH 58-80 
Ftgure 4 
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TABLE 2-6 

LITERATURE DISTRIBUTION COEFFICIENTS 
FOR RADIONUCLIDE AND METALS ELEMENTS 

(Continued) 

Strontium80 

Thorium 228 

Uranium 234 

Metals 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

35 

1500 

1 500 

1 500 

45 

200 

60 

650 

3 

6 5  

850 

45 

35 

900 

65 

0 15’ 4 300’ 

5‘ 1 E64 
0’ 4 400’ 

o4 
1 05 

5‘ 

1 26’ 

0 2‘ 

1 4’ 

4 5’ 

0 2’ 

30’ 

122 8‘ 

1 85 

30 000‘ 

50‘ 

3 800’ 

333’ 

7 640’ 

10 000’ 

82 800’ 

‘U S Department of Energy 1984 A review and Analysis of Parameters for Assessing Transport 
of Environmental Released Radionuclides through Agriculture 

‘Radionuclide Interactions wlth Soil and Rock Media Volume 1 Processes Influencing 
Radionuclide Mobility and Retention, Element Chemistry and Geochemistry, Conclusions and 
Evaluation Battelle Pacrfic Northwest Labs Richland W A  EPA No 6078-007 August 1978 

5Drag~n 1988 The Soil Chemistry of Hazardous Matenals Dragun 1988 Ranges of Kd for 
various Elements in Soils and Clays Table 4 2 pg 158 
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TABLE 2-6 

LITERATURE DISTRIBUTION COEFFICIENTS 
FOR RADIONUCLIDE AND METALS ELEMENTS 

(Concluded) 

Mercury 10 0 37’ 400’ 

Molybdenum 20 200’ 300 000’ 

Nickel 150 

Selenium 

Silicon 

silver 

Thallium 

T i i i u m  

Vanadium 

300 

30 

4s 
1,500 

1000 

lo00 

1 0’ 1 ,000’ 

Zinc 40 0 1 ’  8 OOO’ 

‘U S Department of Energy, 1984, A review and Analysis of Parameters for Assessrng Transport 
of Emtonmental Released Radlonuclldes through Agnculture 

’EPRI, 1984, Chemlcal Attenuation Rates, Coeffclents and Constants in Leachate Mlgration 
Volume I A C n t d  Rmew Battelle Pacmc Northwest Laboratones, Rchland WA. EPRl 
EA-, Kd for Ba in RNer Sediments, Kd for Me= pH=6 6 wah Bentonne, Kd82800 Ph-5 95 
for Iron Oxrde Kd=200 for Ni in seawater wnh Clay pH=8 w h  Mn &de Kd=300 OOO pH=8 
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Radionuclides 

Most of the studies performed to date at IHSS 199 have focused on plutonium contamination It has 

been conclusrvely demonstrated that plutonium has been transported from the RFP via the arborne 

pathway and affected offsite surface soils immediately east of the RFP Americium has also been 

detected in these soils indicating either direct airborne transport from the RFP or in sttu ingrowth 

with the plutonium in the soils It is likewise concewable that airborne transport of uranium to ofFstte 

soils could occur However it is highly unlikely that trttium would have been transferred via air to 

IHSS 199 

Nonradioactive Contaminants 

Nonradioactive contaminants discussed in Subsection 2 1 4 1 include metals VOCs semrvolatrle 

organics and inorganic ions Nonradioactive metals particularly beryllium could feasibly have been 

transported by air to offsite surface soils Few potential airborne pathway sources appear to exist 

on the RFP for metals other than beryllium It is not likely that VOCs or semivolatile organics have 

affected offsite surface soils because these compounds tend to volatilize in air rather than settle out 

in a discrete surface deposlt It is remotety possible that fugitwe dust from the RFP could contain 

organic compounds that might remain bound to the particles through arborne transport and settle 

out on surface soils It is also very unlikely that inorganic ions could be transported via fugitwe dust 

to offsite soils because of their high solubilrty and tendency to quickly leach into deeper soils 

2 5 1 2 Current Contaminant Source 

Contaminated offsrte surface soils are considered the current contaminant source at IHSS 199 

(Figure 2 13) The following subsections focus on contaminant and soil characteristics that may 

affect contaminant transport from the surface soils 

I 
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2 5 1 2 1 Contaminant Characteristlcs Surface soils immediately east of the RFP have been 
shown to contain plutonium and ns decay product americium, in excess of expected background 

concentratms (as measured at Colorado Front Range sltes remote from the RFP) Beryllium and 

selected radmuclides other than plutonium and amencium have also been charactenzed in these 

soils although to a much lesser extent than plutonium Other patentral RFPdenved contaminants 

including VOCs and semivolmles, metals other than beryllium, and inorganic m s ,  have not been 

charactenzed in offslte surface soh However the fate and transport characteristics of these 

contaminants exclude them for OU 3 soils 

Radlonuclldes 

Plutonium and amencium are the only RFPdenved radioactwe contaminants known to exist in odfsne 

surface soils Plutonium concentmons in selected olfste surface sotls have been well- 

charactenzed through numerous samplmg programs Amenaum IS expected as a radioactwe decay 
daughter product of plutonium and apparently has been measured above background 

concentrahOns in offsne surface so~ls (Rockwell, 1985a) Uranium may be assocmted wrth the RFP, 

but IS also naturally occ~mng in bedrock matenals in the area The follow~ng discussions focus on 

charactenstlcs of plutonium and uranium which may afFect their fate and mobilny from soil into the 

emronment. Numerous stud= of plutonium fate and m a l t y  are incorporated by reference into 
the discussions Much less mnformat~on IS awlable on the nature of amencium in the environment 

AmencKlm has essentially the same charactenstics in the mronment as plutonium and is 

considered insoluble under typical environmental condltm 

Plutonium 

There are 15 known mopes of plutonium that decay into other elements at M - l w e s  ranging from 

hours to 387,000 years (Ames and Rar 1978) At the RFP, plutonium eD(Ists pnmanly as 
plutonium-239 and -240 (Table 2-7) 
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TABLE 2-7 

ISOTOPIC COMPOSITION OF ROCKY FLATS PLUTONIUM 

Specific Alpha Specific Beta Relative" 
Relative WeigM Activity A c t W  Activity 

Isotopic (percent) (Curiedgram) (Curiedgram) (Curledgram) 

Pu 238 0 01 17 1 0 00171 

Pu 239 93 79 0 0622 I 0 056834 

Pu 240 5 80 0 228 - 0 01322 

Pu 241 036 - 1035 0 37260 

Pu 242 003 0 00393 - 1 18X los 
Am 241 - - 3 42 b 

Source Rockwell 1!385b 

"Relative activity IS obtained by mukiplying the percent by weight by the specrfic actlvny 

Total actwily for the plutonium isotopes is 

Alpha 0 0732 curfledgram 
Alpha plus Beta 0 446 curies/gram 

bAm 241 daughter from decay of Pu 241 
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Plutonium speciation in the environment is heavily influenced by hydrogen ion concentration (pH) 

and oxidatron-reduction capacrty (Eh) Typical emronmental conditions are pH in the range of 5 to 

8 and a positive Eh (greater than 0 05 volts) prownlow, 1979) Under these condiions, plutonium 

speaes will most likely be found in the following order of occurrence Pu'. > PuO,'~ > Pu'~ > 
PuO+' (Ames and R ~ I  1978) 

As shown above the most probable species in the environment IS the plus 4 valence (oxidation 

state) specles, wtuch wll extst either as plutonium &xi& (PuOJ or as a sdid hydroxrde Pu(OH), 

(Brookins 1984 Dragun 1988) The assettion is based on the assumption that the pH of the 

environmental system is not low and that the system is in an owdative state (Eh > 0 0) 

Plutonium shows a very strong tendency to adsorb to clays metal dloxides and organic matter in 
soils and thus has a very low migration potential in the environment (CSU, 1974 Brookins, 1984) 

The distnbution coefficient (K,J which is the ratio of the concentration of adsorbed material to 

concentratnn of material in water at equilibnum for plutonium is 1 03-1 @ (Allard and Rydberg, 1983) 
meaning that the ratio of plutonium bound to soil to plutonium dlssohred in water would be expected 

to vary from 1 OOO 1 to lOO,OOO,l The EPA (199Ob) gives a K,, of 2x103 for plutonium 

Uranium 

Uranium has 14 mopes that decay to other elements at half-lwes of minutes to 4 5 billion years 

The most important uranium sotopes at the RFP are uranium-234 and -235 Uranium-234 is a 

daughter product of uranium-238 Uranium235 IS an important ennched uranium isotope for 

nuclear purposes U-234 has a half life of 244 thousand years and U-235 704 million years 

Uranium occurs in two oxidmon states +4 (typically in solids) and +6 (typically as the dissolved 

uranyl ion UO, '7 Unlike plutonium and americium, uranium is both naturally-occurnng and mobile 

in an oxidning (eg, near surface) environment Uranium has a lower & than plutonium or 
amencium However under reducing conditions (such as highly-organic fine-grained bed 
sediments deposited in the deeper parts of a reservoir) uranium IS immobilized and becomes part of 

the sediments 
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Yang and Edwards (1984) documented the fate and transport of uranium and Its daughter product 

radium226 in dissolved form, and in both suspended and bed sediments from above the 

Schwartzwalder (uranium) Mine adjacent to Ralston Creek several miles southwest of the RFP 

Uranium is present in dissolved and solid phases Concentrations range from 4 micrograms per liter 

(pal) dissolved in the creek water above the mine to 100 pg/l in Ralston reservoir below the mine 

Uranium occurred as both a discrete mineral and partially entrapped in colloidal iron and 

manganese coatings on suspended and bed sediments 

Nonradioactive Contaminants 

Based on the discussion presented in Section 2 5 1 1 the only nonradioactive contaminants that 

could reasonably be expected to exist in ofkse surface soils are metallic ions Beryllium is the only 

nonradioactive metal for which a potential RFP source to the airborne pathway IS recognized R 
should be noted here that beryllium concentrations were measured in offsae soils in 1971 by CDH 

Higher concentrations were found west of the RFP where deposnion resulting from releases to air 

are very unlikely (CDH 1991) More probably the higher concentrations result from increased 

natural background in the soil derlved from grandic rocks which contain naturally occurnng 

beryllium oxide CDH measured beryllium in offsse surface soils around the RFP agan in 1989 

results were reported as (2 7 ppm for all samples analyzed consistent wlh background samples 

collected at locations remote from the RFP (CDH, 1991) 

2 5 1 2 2  Soil Characteristics A detailed discussion of surface soils in the RFP vicinlty is 

presented in Subsection 2 1 3 1 The organic matter content of the surface soils varies between 2 to 

4 percent and the pH values range from 6 6 to 8 4 (near neutral to slightly alkaline) The vertical 

permeability of these soils is 0 06 to 0 6 in/hr (0 15 to 1 5 cm/hr) Runoff is generally rapid and the 

water erosion potential is high where soils are not protected by vegetation The predominant 

minerals of the fine soil fraction are montmorillonnnic clays wnh calcareous materials (SCS 1980) 

I 
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As discussed in Subsection 21 3 1, surface soil charactenstlcs may have changed on the IHSS 199 

remedy acreage as a result of courtordered tilling 

25 1 3 Releasm Nlechankms and Transport Medie 

Factors that ultimately determine the processes that may be respombk for releasing contaminants 

between transport medfa or to receptors include the contaminant and sol1 charactenstics dwssed 

in the preceding subsection the climatological charactedacs of the site, and the behavior of the 

contaminant in the vanous potential transport media 

Preceding dtscussions have indicated that plutonium and americium are the contaminants likely to 

exist in offsae surface soils as a result of RFP releases Plutonium release mechanisms and 
behawor in transport medla have been well-studied at the RFP and elsewhere while speCmc 

information on the environmental fate and transport of amenclum is sparse As mentioned in 

Subsechon 2 5  1 2 1 ,  amenciwn IS considered to be slightly more mobrle than plutonium however 

for practical purposes the two radlonuclides behave amitarty in the environment For these 

reasons the following dlscusslons focus on plutonium 

2 5 1 3 1 Climatological Characteristics Of particular importance to the fate and mobilrty of 

contaminants in affslte surface soh are wnd and precipitation The climate in the RFP area IS 

typrfied by strong, often gusty mnds The stronger wnds blow from the west and ncnthwest, and 

occur mote often dunng the winter months The average annual prec~pnatm (total moisture) for the 
area IS 15 in (38 cm), of which 40 percent falls dunng the spnng Fta~fall intensity vanes from long 

low-intensrty frontal storms in the fall and early spnng to short intense cloudbursts in the late spnng 

and summer months Snowmelt can also generate high runoff in the area. Snowfall at the RFP 

averages 85 in/yr (216 cm/yr) @OE, 1980) Climatology in the RFP mnny IS discussed in more 

detal in Subsection 21 4 4 
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2 5 1 3 2 Contaminant Fate and Mobility in Air Atmospheric resuspension of contaminated soil 

particles is the principal release mechanism affecting the plutonium and americium contamination in 

offsrte surface soils The same mechanism would exist for nonradioactive elements metals d they 

were present in the soils Resuspension occurs as a result of wind action and is often amplrfied by 

soil disturbance The resuspension factor is defined as the ratio of the air concentration to soil 

concentration and is expressed as per meter (m ’) 

Resuspension factors for each known contaminated section of T2S R69W are presented in 

Rockwell Internationals disclosure to the Crty of Broomfield regarding the remedy acreage (Past 

Remedy Report, Appendoc E Document E 8) These resuspension factors are 

Section 6-1 5x10Q m’ 

0 Section 7-1 0x1 0 ’ m ‘ 
Section 18-1 8x10’ m’ 

The methodology behind the development of these values is glven in SCS remedy 

recommendations (SCS 1985) CDH developed similar values in the 1970s for quiescent vegetated 

lands in the vicinrty of the RFP A further finding was that vehicular disturbance would change the 

average values to approximately lxlOg m ’ (CDH 1976) 

Once resuspended in air soil particles can move long distances depending on wind velocity and 

turbulence Smaller diameter particles will be carried longer distances therefore the site of the 

resuspended soil particles IS crltical in assessing their mobillty Previous studies have shown that 

the distribution of plutonium by soil particle sizes at the RFP was variable indicating the association 

of plutonium wah soil mineral phases of various sizes (McDowell and Whicker 1978) The respirable 

percentage of suspended plutonium contaminated soil particles in air (those with diameters less 

than 10 micrometers [ pm]) has been estimated to be approximately 20 to 40 percent (Whicker et al 

1974) Because of the low settling velocrtres associated wah such small particles the particles can 

be transported relatlvely long distances by winds before settling 
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2 5 1 3 3 Contaminant Fate and Mobility in Groundwater As dwcussed in Subsecbon 2 5 1 21, 
the predominant form of plutonium expected in the RFP emKKw, PuO, is insoluble in water 

Plutonium wll tend to remarn adsorbed to solid pamcles at pH values belween 3 and 9 (Roxburgh, 

1987) Plutonium can, however, undergo extremely limned Ussolution in the pH range of 
emronmental system me solid phase 04 PUO, IS a colloidal polymer of ne~nral or posltive charge 
Such colbds can contarn from Id to 10'' atoms of plutonium (Andelman and Rozzdl 1970) 

Increasing pH tends to reduce the charge densw of the polymer, and at pH > 9, it IS expected that 

the colloids become negabvely charged, decreasing the affinny of PuO, far sods and thus potentially 

increastng its moblny in surface water The mobilny of plutonium can also be increased through 
compkabon wfth dissolved organic acld (DOE 1991) Numerous measurements have shown that 
RFP groundwater tends to be neutral to slightly bas#: (typical pH I 75) and, therefore the 

plutonium is not expected to be &le in RFP groundwater 

The migtmon of plutonium ms in groundwater w retarded due to continuous distnbutm of 

plutonium between scnl and water phases The K,, values discussed in Subsecbon 25 1 21 indicate 

that plutonlum will not leach readtfy to groundwater ar migrate within groundwater 

25 1 3 4 Contaminant Fate and Mobility In Surface Water The fate and transport d plutonium in 
dmnage and resewor sediments in the vlcinlty of the RFP has been evaluated and discussed 

(DOE, 1990) This document prowdes an evaluatm of the potentral transport and exposure 
pathways associated w h  the potemal surface water runoff and sal emson relerrse mechanisms 

discussed below 

surface runoff may erode contammated surface sol1 and t ransm it as sediments to surface waters 

(e g , streams and resenrolrs) In stagnant surface waters (e g , T~SBIWIITS and holding ponds), the 

suspended sediments settle to the bottom Plutonium transported in ths manner wll tend to rematn 

bound to the sediments dunng transport and after redeposmn, as illustrated by the high K,, values 
assoc~ated vvlth plutonium As a result, bottom sediments mll immobilize plutonium considerably 

This strong adsorption has been demonstrated in laboratory studies of plutonium uptake by the 

clay-nch sediments typcal of surface water impoundments near the RFP (CSU 1974) Htgh 
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concentrations of dissolved organic carbon carbonate fluoride chloflde or nttrate along wtth high 

percolation rates could potentially leach some of the plutonium in bottom sediments downward 

toward the water table There is no evidence however that such a process is occurring in 

impoundments near the RFP Plutonium concentrations in offsrte reservoir sediments decrease to 

background levels at a depth of 8 to 12 inches (20 to 30 cm) in the reservoir sediment columns 

(Rockwell 1984 Rockwell 1985a) Furthermore groundwater monrtonng directly downgradient of 

onstte RFP holding ponds has not yielded a single detection of plutonium 

It has been demonstrated that denslty strattfication of lake waters in summer months results in a 

reducing environment in deeper water The distribution coefficient of plutonium in reducing 

environments is threefold to tenfold lower than in oxidizing condttions indicating that plutonium 

mobiltty will increase somewhat However the & values for these waters are still very high (AN1 

1986) 

Resuspension of plutonium from bottom sediments is also possible by organisms that disturb the 

sediments The resuspended plutonium will eventually settle and again become part of the 

sediment 

2 5 1 3 5 Contaminant Fate and Mobility in Biota Contaminants can be taken up from surface 

soils by biota etther through mechanical spreading (tracking) or through physical incorporation of 

the contaminant into the biomass (bioconcentration and bioaccumulation) Tracking is considered 

an insignificant release mechanism when compared to the potential for wind or water erosion from 

surface soils 

Plutonium eroded from surface soils by wind or water can settle onto foliar surfaces The rnagnltude 

of foliar retention will depend on the physical structure of the surface Foliar contamination can be 

removed by weather or by dropping of plant parts (field loss) 

Plutonium which settles onto foliar surfaces or physically adsorbs to the surfaces of plants or 

zooplankton can be taken up into the food chain Plutonium on foliar surfaces may be absorbed 
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metabokally by plants, or may pass from soil into the root systems of plants. A study using a 

water-soluble form of plutonium (not PuOJ mmd into soil, however, demonstrated that slgntficant 

uptake of plutonium does not occur in plants grown in the sol1 (specifically, the first crop of plants) 

The relatnm concentrat~on factor expressed as concentratan in dry plant matenaVconcentratIon in 
dry sol1 was measured at less than OOOO1 in the study (Menzel, 1965) Similar values were 

ot#suned in a study invotwng a marsh estuary near Selffield, England (Ham, 1989) 

Plutonium taken up in the food chsun by animals will not tend to bioconcentrate or btoaccumulate 

The gastrantestrnal absorpt~~ factor for PuO, listed by the Intemabonal Commisstun on Radiation 
Protection (ICRP) IS lxlO*, indiiing that plutonium w~ll not easily be absorbed through the 

intestine, but rather will pass through the intestine and be dwcharged as waste (ICRP, 1979) In 

adult animals less than 001 percent of ingested plutonium IS absorbed from the intestine (ICRP, 

1988) Past RFP studies, which have included bioassays of aquatlc and terrestnal indicator plant 
and animal species have found normal background concentrations of plutonium (EPA, 1971, CSU, 

1974, CDH, I-) 

2 5 1 4  re Routes and Receptors 

As illustrated in Flgure2-8, contaminants released from o&te surface sods can alfect potential 

receptors through inhalabon o f  arbome particles and through ingestion of or dermal contact wnh 

contaminated source or transpon medla The most plauslbte exposure routes appear to be 

inhalahon of plutonium-contaminated pamcles eroded from sudace soil by wnd and ingesttun o f  

plants WRh surficlal contaminatm as a result of settled dust eroded from surface soil by wnd 

Potenml human receptors include both residents of and vlsnors to the RFP area. The 

demographtcs of the RFP vicinity are dwcussed in Subsemon 1 3 6 At the present t~me, both the 

Jefferson County and Crty of Broomfield remedy acreage at IHSS 199 are fenced and posted to 

prevent public access Emnronmental receptors include bmta (both flora and fauna) indigenous to 

the RFP enwrons as addressed in Subsection 1 3 5 
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2 5 1 5 Soils Conceptual Model Summary 

Plutonium and americium are the only contaminants likely to exist in offsite surface soils as a result 

of RFP releases Plutonium in offsrte surface soils most likely exists as the thermodynamically stable 

solid PuO, Plutonium fate and mobilrty in the environment are controlled by its strong tendency to 

adsorb to clays, metal oxides and organic matter in soils Plutonium potentially can be released 

from surface soils into the transport media of air (by wind erosion) and surface water (by water 

erosion) Plutonium released into these media will tend to remain bound to the particles that 

transport rt Plutonium can also be taken up in the food chain by ingestion of plants with surficial 

PuO, contamination but will not concentrate or accumulate in biota Organic and inorganic 

contaminants will not be analyzed in soils because there have been no documented sources of 

release of signrfrcance that would allow dispersion via air to OU 3 (see Section 6 2) 

Groundwater does not appear to be a viable transport medium for plutonium from offsite surface 

soils in the RFP area Research and investigation of plutonium mobilrty at other locations have 

demonstrated that plutonium transport through unsaturated porous media IS not signrficant 

(Andelman and Rouell 1970 Brookins 1984, Kim et a1 1984 Shade et al 1984 Silva et al 1979, 

Staley et al 1979) The reasons for this immobilrty appear to be the insolubilrty of plutonium dioxide 

and the strength with which It is adsorbed to fine-grarned particles and organic matter in 

unsaturated porous media 

The most plausible exposure routes are inhalation of fugitrve dust generated from surface soils and 

ingestion of plants onto which fugitive dust has settled 

2 5 2 Conceptual Model for Offsite Reservoirs and Drainages (IHSSs 200,201, and 202) 

The general conceptual model for offsite reservoirs and drainages is shown in Figure 2 15 The 

exposure pathways for IHSSs 200 through 202 are priontrzed based on the Historical Information 

Summary and Preliminary Health Risk Assessment (DOE 1991 b) and are presented in Figure 2 16 

The primary pathway from a human health nsk standpoint is inhalation of reservoir/stream 
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sediments dispersed to ar through resuspension of fugitwe dust The secondary pathways are 

direct ingestion of sediments and surface water The remaining pathways are believed to constme 

a negligible risk to human health but are addressed in thls work plan The pathways were used to 

design the field sampling plan for OU 3 (see Section 6 0) Each numbered pathway is presented in 
deta~l in Appendix A The pathways are referenced throughout the work plan to show how each 

pathway IS being addressed The var10w elements of the conceptual model are explaned in the 

following subsechons 

2 5  21 Historical Contamination Source 

As shown in Flgure 2 15 the RFP IS considered the htstoncal contamination source to the offslte 

resBIv01r-s in the resetvar conceptual model Based on information presented in Secbons 1 0 and 

2 0 on RFP geographical setting and environmental monitonng the ahme, sediments, and surface 

water pathways are considered the only reasonable migration pathways that could transport 
contamimon from the RFP to w e  reservoirs and drainages Known and potentral RFP sources 

of arbome and surface waterborne contamination vlil sediment transport to IHSSs 200 201, and 

202 are discussed in Subsections 223 2 3 3 and 2 4 3, respectwely An understanding of the fate 

and mob&& of the potentml contaminants invotved IS cntical in determining whether they could 

reasonably have impacted OffSRe reservoirs and drainages and, if so, whether they st~ll exst in the 
reservoirs and dramages today 

A general drscusslon of fate and transport of organics and inorgantcs was presented in 

Subsection 2 5 1 1 

Radlonuclides 

Most of the stud= performed to date at IHSSs 200, 201 and 202 have focused on plutonium 

contaminahon of reservoir sediments. It has been conclusnrely demonstrated that plutonium has 
been transported from the RFP na the M a c e  water and ar pathways and affected offslte reservoir 

and drainage sediments Amenclum has also been detected in these sediments, indicating elther 
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direct surface waterborne or airborne transport from the RFP or in situ ingrowth from the plutonium 

in the sediments Tritium is known to have been released to Great Western Reservoir through 

surface water It is concewable that surface waterborne or airborne transport of uranium associated 

with RFP actlvities to offsite dratnages and reservoirs could occur 

Nonradioactive Contaminants 

Nonradioactwe contaminants discussed in Subsections 2 2 3 2 3 3 and 2 4 3 include metals VOCs 

semivolatile organics inorganic ions and herbicides Potential sources of airborne contaminants 

discussed in Subsection 251 1 for offsite surface soils also apply to the offsite reservoirs 

Nonradioactive elements VOCs semlvolatile organics inorganic ions and herbicides all could 

feasibly have been transported in surface water to the offsde drainages and reservoirs from edher 

the RFP or surrounding agricultural and industrial sources However evaluations of analytical 

results from sampling stations along Indiana Street indicate these contaminants are not being 

detected (see Section 6 2) 

2 5 2 2 Current Contaminant Source 

Contaminated offsite drainage and reservoir water and sediments are considered the current 

contaminant source in the conceptual model (Figure 2 15) The following subsections focus on 

contaminant and source media characteristics that may affect contaminant transport from the source 

media 

2 5 2 2 1 Contaminant Characteristics As discussed in Sections 2 1 3 2 2 2 and 2 3 2 reservoir 

sediments at IHSSs 200 201 and 202 have been shown to contatn plutonium and its decay 

product americium in excess of expected background concentrations (as measured in Colorado 

Front Range reservoirs remote from the RFP) Concentrations of beryllium and of selected 

radionuclides other than plutonium and americium have also been characterized in these sediments 

although to a much lesser extent than plutonium Other potential RFP derlved contaminants, 

including VOCs semwolatiles metals other than beryllium inorganic ions and herbicides have 
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been charactenzed in dramage and reservoir water through routine monrtonng, but have not been 

measured in dratnage and reservoir sediments 

Radionuchdes 

Plutonium and amencium are the only RFP-denved radloactnre contaminants known to exet in the 
offate r6servars and dramages Plutonium concentrations in offsite dratnage and resBNolr 

sediments have been well-characterned through numerous sampling programs. Americium can be 

expected through ingrowth from plutonium and has been measured above background 

concentmhons in offate reseIvoIr sediments (Battelle 1981) Plutonium charactenstics that may 
affect I& fate and mobility in the environment are discussed in detal in Subsection 2 5 1 2 1 Much 

less informam IS avalable on the fate of amencium in the environment Amenaum is consldered 

to be slightly more mobile in the environment than plutonium, but IS insoluble under typical 

environmental condnions Routine water qualrty monrtonng in Great Western Reservoir and Standley 

Lake has indfcated that the water in these reservoirs is not measurably impacted by the radionuclide 

contaminatm known to exW in the battom sediments or by other patentla1 radioactive 
contaminants, inctuding uranium 

A release of tntium to IHSS 200 occurred in 197'3 Environmental monnoring of water qualrty in the 

offsite dramages and reservars indmted that the tntium returned to normal background levels by 

1976 and has remaned at these levels The potential impact of m u m  on dmnage and resetvar 

sediments has not been studied, but n IS expected that tntium s extreme mobillty in the emnrOnmenC 

would preclude concentration in sediments Furthermore, natural radloachve decay (half Me 

12 3 years) wdl have reduced any concernon of tmum slnce the 197'3 release 

Vertical profiles of the plutonium-beanng layers or strata developed from offate reservoir sediment 

cores have also shown that the plutonium-beanng strata in Great Western Reservar and Standley 
Lake have been buned to varying depths by subsequent sedimentatKM The four cores collected 

dunng the most recent Great Western Reservoir study (by Rockwell international in 1983) showed 

between 3-9 in (7 5 to 23 cm) of sediment overlying the plutonium-beanng layer The depth of bund 
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in two cores collected in 1984 by Rockwell International from Standley Lake vaned from 6 3 to 8 7 in 

(16 to 22 cm) These cores were collected from deeper areas of the reservoirs where greater 

sedimentation rates occur and the highest plutonium concentrations have been found to exist 

Based on calculated sedimentation rates for the reservoirs which vary from 0 1 in/yr (0 25 cm/yr) in 

shallow near shore areas to 1 4 in/yr (3 6 cm/yr) in deeper areas It can be inferred that the 

plutonium bearing layers in each reservoir could have been covered by an addRional 0 7 inches 

(1 8 cm) of sediment in shallow areas and an addltional9 8 in (25 cm) of sediment in deeper zones 

in the 8 years since the Rockwell International studies were conducted 

Nonradioactive Contaminants 

As discussed in Subsection 2 5 2 1 nonradioactive contarninants that could reasonably be expected 

to exist in the offsae drainages and reservoirs include VOCs semtvolatiles metals inorganic ions 

and herbicides Routine monltoring of surface water drainages at the RFP boundary by various 

agencies and municipallties has occasionally detected trace concentrations of VOCs metals 

inorganic ions and herbicides Because of the erosional nature of most dramages in the RFP area 

(Section 2 5 2 2 2) It is reasonable to expect that any contaminants in the drainages will ew3ntually 

reach the reservoirs unless surface water infiltration transports soluble contaminants to 

groundwater 

Due to the soluble nature of most VOCs inorganic ions and herbicides, lt is reasonable to expect 

that these potential contaminants would not concentrate in bottom sediments but rather would 

remain dissolved in surface water Routine monltoring of Great Western Reservoir and Standley 

Lake have indicated that VOCs inorganic ions and herbicides have not measurably impacted 

reservoir water qualty in these reservoirs It is probable that nonradioacttve metals would tend to 

precipitate in near neutral pH water adsorb to suspended sediments in the water and settle out in 

reservoir bottom sediments in a manner similar to the radioactwe metals plutonium and americium 

2 5 2 2 2 Sediment and Water Characteristics Streams in the vicinlty of the RFP are expected to 

be erosional meaning that they will tend over time to transport their full sediment loads downstream 
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rather than permanently deposltrng them wflhin the dramage If the sediment load eVentUally 

reaches an lmpoundment such as a Wing  pond or rmemir the sediment mll gradually settle out 
to form bottom sediments. Studles performed in the Emronmental Assessment for the Standley 
Lake Dwerslon project indicate existing rates of erosion in the area of OU 3 appear to be relatively 

low Average sediment ylelds publlshed by the USGS for the RFP area range from 0 1 to 0 3 ton/ 

acre/year (USGS, 1987) Scum 2 5  1 3 4 discusses the fate and mobilny of plutonium in sediments 

and surface water 

A dstinchon IS made in Flgure2-15 between dry and saturated sediments because potemal 

exposure pathways differ significantly for dry and saturated sediments. Because the water level in 

resetvoirs fluctuates vvldely with varying supply and demand pamcularfy on a seasonal base 

sediments m near-shore and other shaltow water areas may be exposed for long enough penods to 

dry Dry sediments are potentially subpa to a simllar set of release mechansms as that described 
in Sutsectm 2 5 1 3 for surface soils 

As dlscwsed in Subsection 2 5 1 1, plutonium fate and mobrlny IS partrally influenced by pH and Eh 

Surface water typically fs charactenzed by omdlung conditions and neutral or near-neutral pH 

Under these condttions, plutonium mll exst in the plus4 dat ion state 85 sohd plutonium 

hydrowde, Pu(OH), Density stratficatm of lake waters in summer, however, can result in a 
reduang environment in deeper water Under reduang condltlons, the & of plutonium may be 

three to ten-fold lower than under typical reservar conditions, meaning that plutonium mob~lw may 
increase slightly The magnitude of tW increase LS not slgnfficant, however, in terms of overall 
plutonium mobilny (ANL, 1986) 

The pH and Eh of emronmental systems mll influence the fate and mobiilty of most nonradioacwe 

metals in a slmilar manner as plutonium 

OU 3 FinaV12-06-Ql 



EGBG ROCKY FLATS PLANT 
RFVRl Work Pian for OU 3 

Manual 

Section 
Revision 
Page 

2 
1 

99 of 102 
Effective Date 

Category Final Organization RPD 

2 5 2 3 Release Mechanisms and Transport Media 

As shown in Figure 2 15 potential release mechanisms and transport media can combine in a 

vanety of ways to transport contamination from the reservoirs to human and other biotic receptors 

The identlfication of potential release mechanisms and transport media is not meant to imply that 

they will occur or be signdicant in the reservoirs Preceding discussions have indicated that 

plutonium americium and possibly nonradioactive elements are the only contaminants likely to exist 

in offsrte dramages and reservoirs and that these contaminants may exist in measurable 

concentrations only in the drainage and reservoir sediments The source medium in which the 

known and potential contaminants exist is a semiconsolidated m a s  buried in the sediment of each 

reservoir and is in fact not expected to be readily available for release into the environment by any 

of the mechanisms described below 

Plutonium release mechanisms and behavior in transport media have been well studied at the RFP 

and elsewhere while speck information on the environmental fate and transport of americium are 

less abundant As mentioned in Subsection 2 5 1 2 1 americium is suspected to be slightly more 

mobile than plutonium but for practical purposes the two radionuclides behave similarly in the 

environment For these reasons the following subsections focus on plutonium 

2 5 2 3 1 Contaminant Fate and Mobility in Surface Water Plutonium fate and mobility in surface 

water are addressed in Subsection 2 5 1 3 4 This discussion also applies to the general fate and 

mobility of potential nonradioactive elements in the offsite drainages and reservoirs 

As indicated previously nonradioactwe contaminants that have been detected in trace amounts in 

drainage water at the RFP boundary include VOCs metals inorganic ions and herbicides Because 

most of the ephemeral streams in the RFP area are losing streams (I e streams which recharge 
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groundwater) It IS concervable that sduble contaminants in surface water could be transported to 

groundwater by tnfiltratton of surface water into the dmnage bed 

2 5  2 3.2 Contaminant Fate and Mobility In Air Plutonium fate and mobtlii in air are addressed 

in Subsemon 2 5  1 3 2 Thts dlscusslon wtll also apply to the general fate and mobilrty of potentla1 

nonradioactive metals in the offsite drafnages and ~ e s ~ ~ o f  'm 

25.2.33 Contaminant Fato and Mobility in Groundwater No evtdence has been observed in 

past studtes of Great Western Reservoir or Standley Lake of s d u k l i i  and leachmg of plutonium 

downward in the sediment cdumn towards the groundwater table (Subsecbon 2 5  1 3 4) The lack 

of mobltty results pnmanly from the strong tendency of plutontum to adsorb to ctq and organic 
matter in the sediments. The dlscussKm in Subsection 2 5  1 34 will also apply to the general fate 

and moblllty of potenttal nonradloacbve elements in the offstte drrunages and resetvats 

25 2 3 4 Contaminant Fate Md Mobility in Biota 

addressed in Subsechon 2 5  1 3 5 

Plutonium fate and mobiitty in biota are 

2 5 2 4  Exp8ufe Routes and Receptors 

As illustrated rn Figure 2-9, contaminants released from offscte drainages and reservoirs can affect 

potential receptors through rnhahmn of erbome partrdes and through mngestm of or dermal 

contact WRh contaminated source or transport medla The most PlgUsiMe exposure routes appear 
to be inhaktmn of plutoniumGontaminated particks eroded from exposed (dry) sediments by wnd 

and ingestm of plants wrth surficial cwrtaminatm as a result of settled dust eroded from exposed 

sediments by wnd 

Paternal human receptors include both residents of and vlsnors to the RFP area, The 

demographics of the RFP vtcinity are drscussed in Subsecton 1 3 6 At the present twne, Standley 

Lake (IHSS 201) and the sunounding area are used extensively for recreational purposes including 

boattng fishing, and hiking Great Western Reservoir (IHSS 200) IS fenced and posted by the Clty 
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of Broomfield to prevent public access Both of these reservoirs are utillzed as public water 

supplies Standley Lake water is also used for irrigation of croplands primarily in areas northeast of 

the reservoir Mower Reservoir (IHSS 202) is used solely for cattle watering and irrigation and is 

located on prrvate land 

Environmental receptors include biota (both flora and fauna) indigenous to the RFP environs as 
addressed in Subsections 1 3 5 and 2 2 2 3 

2 5 2 5 Reservoir Conceptual Model Summary 

Plutonium amencium and possibly nonradioactrve elements are the only contaminants likely to exist 

in offsite drainage and reservoir sediments as a result of RFP releases Other potential 

contaminants, including VOCs inorganic ions and herbicides may exist sporadically in drainage 

surface water based on the results of environmental monitoring at the RFP boundary 

Plutonium in offsite drainages and reservoirs most likely exists as the thermodynamically stable solid 

Pu(OH), Plutonium fate and mobillty in the environment are controlled by its strong tendency to 

adsorb on clays metallic oxides and organic matter in soils Plutonium potentiatly can be released 

from exposed (dry) reservoir sediments by wind erosion into the transport medium of air Plutonium 

released into air will tend to remain bound to the particles that transport it Plutonium can also be 
taken up in the food chain by ingestion of plants with surficial PuO, contamination but has not been 

shown to concentrate or accumulate in biota 

Groundwater is not a viable transport medium for plutonium from offsite dranages and reservoirs in 

the RFP area Results of past studies of Great Western Reservoir and Standley Lake have shown 

that the plutonium is effectively immobilized in the bottom sediments and is not being leached 

downward toward the water table Incidental soluble contaminants in offsite drainage water may be 

transported to groundwater d the surface water infiltrates the drainage bed 
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The most plausible exposure routes are inhalabon of fugnnre dust generated from exposed reswoir 
sediments and ingestion of plants onto which fugnnre dust has settled 
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3 0  AMRs  

This section provides a preliminary identlfication of potential chemical speclfic ARARs for surface 

water and groundwater at OU 3 Chemical specific ARARs do not currently exist for soils Under 

the terms of the 1985 Settlement Agreement for IHSS 199 the remedy action level was based upon 

the CDH special construction requirements standard for plutonium in soil of 0 9 pCi/g The court 

ordered agreement in IHSS 199 established a remediation goal of less than the CDH special 

construction requirements standard of 0 9 pCi/g However rt is stated in the Settlement Agreement 

that adoption of the CDH standard is not meant to imply concurrence between the lawsult parties on 

the reasonableness appropnateness or applicabillty of the standard as an action level for the 

remedy As the remedial investigation proceeds information will become available from the risk 

assessment that will allow a determination of acceptable contaminant concentrations in soils to 

protect human health and the environment 

The summary of possible ARARs presented in this section is based on current federal and state 

health and environmental statutes and regulations and the chemicals suspected to be present at 

OU3 The rationale for the chemicals suspected to be present at OU3 is presented in 

Subsection 6 2 The preliminary identdication and examination of potential ARARs provide for the 

use of appropriate analytical detection limlts during the RFI/RI As data become available during the 

RFI/RI speclfic ARARs will be proposed for OU 3 If conducted the CMS Feasibility Study (FS) 

report will further address chemical specific ARARs as well as action and location specdic ARARs in 

the development and evaluation of remedial alternatives 

3 1 THE ARARs BASIS 

The basis for ARARs is clted in Section 121 (d) for CERCLA as amended by the Superfund Amend 

ments and Reauthorization Act of 1986 (SARA) which requires that Superfund financed 
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enforcement, and federal faciltty remedd actions comply with applicable or relevant and appropnate 

federal laws or promulgated state laws whichever IS more stringent. For the purposes of 

identtfication and nottficahon of promulgated state standards, the term 'promulgat@ means that the 
standards are of general applicabilii and are legally enforceable (NCP 40 CFR 300 4OO[g][4]) 

CDH Water Quallty Control Commtssion (WQCC) groundwater standards are to-beamsidered (TBC) 

since they are not yet enforceable 

3 2 WE ARAR PROCESS 

A screening and analysis process wll be used to determine the patentral A R A k  to be applied to 

OU 3 The analysts wll address compliance wtth c h e m d  , location-, and actton-speafic A M s  in 

accordance WRh the NCP The screening process wll consfder relevant and appropriate 

requirements in the same manner as applicable requirements When more than one ARAR IS 

identtfied, the most stnngent ARAR wll be used 

The first step in tdenttfying potenttal ARARS mil occur after the inrhal scoptng and sne 

charactenzabon and wdl involve the analysts of the chemicals suspected to be present at the sne 

and any locatton spec& charactenstics at the ate Once the chemicals have been IdenUfied the 
presence or absence of chernlcal-specmc ARARs will be determined 

Chemical-specific ARARs are dertved pnmanly from federal and state health and mronmental 

statutes and regulamns, tncluding the folkmng 

0 Safe Dnnking Water Act (SDWA) Maximum Contaminant Levels (MCLs) and Maxi- 

mum Contaminant Level Goals (MCLGs) applied to both surface and groundwater 

0 Clean Water Act (CWA) Water Quallty Cntena (Wac) applced to surface water 

0 RCRA Subpart F Groundwater Concentration Ltmtts (40 CFR 264 94)-applmd to 

groundwater 
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0 CDH surface water standards for Woman Creek and Walnut Creek (5 CCR 1002 8 

Section 3 8 29 Final Rule Effectwe March 30 1990)-applied to surface water 

0 CDH WQCC statewide and classlfied groundwater area standards (5 CCR 1002 8 

Section 3 1 1 anticipated to be finalized in November 1991)-applied to groundwater 

as TBC 

A summary of chemical specdic standard or potential AF?ARs based on the above regulations and 

contaminants that may be found at OU 3 is presented in Table 3-1 Groundwater Qualrty Standards 

Table 3 2 Federal Surface Water Qualtty Standards and Table 3-3 State Surface Water Qualny 

Standards These potential chemical specrfic ARARs and accompanying regulations will be 

screened to determine their jurisdictional requirements and applicabilny to OU 3 If the requirements 

are not applicable they will be further screened to determine whether they are relevant and 

appropriate to the particular slte-specific condltions at OU 3 Where ARARs do not exist for a 

particular chemical or where existing ARARs are not protectwe of human health or the environment 

TBC crltena such as guidances proposed standards and advisories will be evaluated for use 

Where ARARs and TBCs are not available or are less than laboratory practical quantdation limits 

(PQLs) PQLs will be used to measure compliance with ARARs and TBCs Standards identdied as 

potential ARARs as well as TBC crderia will be analyzed according to the procedures outlined in 

the NCP, CERCLA Compliance wlth Other Laws Manual (EPA 1989b) Risk Assessment Guidance 

for Superfund Human Health Evaluation Manual Volume 1 (EPA 1989c) and Guidance on Remedial 

Actions for Contaminated Ground Water at Superfund Sltes (EPA 1988b) 

3 2 1  ARARs 

Applicable requirements,’ as defined in 40 CFR 300 5 are rhose cleanup standards standards of 

control and other substantive requirements crrteria, or limltations promulgated under federal 

environmental or state environmental or facilty srting laws that specrfically address a hazardous 

substance pollutant contaminant remedial action location or other circumstance found at a 

CERCIA slte Only those state standards that are identrfied by a state in a timely manner and that 
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are more stringent than federal requirements may be applicable Relevant and appropriate 

requirements also defined in 40 CFR 300 5 are rhose cleanup standards standards of control, 

and other substantive requirements crrteria or limrtations promulgated under federal environmental 

or state environmental or facility stnngent laws that while not 'applicable' to a hazardous 

substance pollutant, contaminant remedial action location or other circumstance a CERCLA srte 

address problems or srtuations sufficiently similar to those encountered at the CERCLA srte that their 

use is well surted to the particular site Only those state standards that are identfied in a timely 

manner and are more stringent than federal requirements may be relevant and appropriate The 

most stnngent promulgated standards are applied as ARAR (Preamble to NCP 55 FR 8741) 

322 TBCs 

In addtion to applicable or relevant and appropriate requirements advisories criteria or guidance 

may be identfied as TBC for a particular release As defined in 40 CFR 300 400(g)(3) the TBC 

category consists of advisories criteria or guidance developed by EPA, other federal agencies or 

states that may be useful in developing remedies Use of TBCs is discretionary rather than 

mandatory as is the case wtth ARARs 

3 2 3 ARAR Categories 

In general there are three categories of ARARs 

1 

2 Location specfic requirements 

3 

Ambient or chemical specrfic requirements 

Performance design or other action specfic requirements 

ARARs are generally considered to be dynamic in nature in that they evolve from general to very 

specrfic in the CERCLA srte cleanup process lnnially during the RI work plan stage probable 

chemical specfic ARARs may be identrfied usually based on a limrted amount of data Chemical 

speclfic ARARs at this point have meaning only in that they may be used to ensure appropriate 
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detection limits have been estaM~~hed so that data collected in the RI mll be BmendaMe for 

companson to ARAR standards Chemlcal specific ARARs may be deleted dthey are found to be 

inappropnate any time in the RFI/RI process Deletiin of chemical-specsfic ARARS will be based on 
anaiytlcal infonnatlon obtaned from sampling at OU 3 It IS also appropriate to ldentlry locatm- 

specific ARARs early in the RI process so that informatton may be gathered to determine f 

r e s t n w  may be placed on the concentration of hatardous substances or on the conduct of an 

actnrrty solety because occurs in a special location 

As discussed in the introductory paragraphs to Sectton 3 0, deta~led location-specffic ARARs w ~ l l  be 

proposed in the RFYRl Report. Identification of action-speafic ARARS and remediatm goals IS pan 
of the Feasrbdrty Study process and will be addressed in the CMSFS Report f a CMSFS Report IS 

n=essary 

For the proper management of investigation-denved wastes, as required in the IAG, Attachment 2, 
statement of Work Sect~on N DOE has developed SOPs for field invest~gat~on actwes All waste 

generated by the vanous invest~gamns conducted at RFP WIN follow the SOPs The SOPs satlsry 

the IAG requrement to comply AFtARs as they relate to invesgabon acbvities Thls approach 

is consistent wfih EPA policy as provided in the 'Draft Gude to Management of 
I n v m e n v e d  Waste' (U S EPA 1991 b) 

CERCLA §121 specfically requires altaimnent of ARARs Moreover, as explaned in the preamble to 

the NCP (55 FR 8741) in order to attain ARARs a remedial action must comply wnh the most 
stnngent requirement which then ensures attatnment of all other ARARs. Furthermore CERCLA 

requires that the remedles selected attam ARARs and be protectwe of human heatth and the em- 

ronment Consequently remedial act~on Objectives based on ARARs require modficatm as new 
informatron and data are collected in the RFI/RI, including the BRA (to be conducted), when ARARS 
are not available or are determined to be inadequate for protection of human h u h  and the 

emronment 
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3 2 5 Remediation Goals 

Development of remediation goals IS actually a portion of the overall development of remedial action 

objectives which ultimately define the required endpoint of the selected remedial action As stated 

in the preamble to the NCP (55 FR 8713) remedial action objectives are the more general descrip 

tion of what the remedial action will accomplish Remediation goals are a subset of remedial action 

objectives and consist of medium-speclfic or operable unb specdic chemical concentrations that are 

protectwe of human health and the environment and serve as goals for the remedial action The 

remedial action objectives should specify (1) the contaminants of concern (2) exposure routes 

and receptors and (3) an acceptable contaminant level or range of levels for each exposure 

medium (such as preliminary remediation goals) According to 40 CFR 300 430 (e)(2)(i) 'Remedia- 

tion goals shall establish acceptable exposure levels that are protective of human health and the 

environment and shall be developed by considering the following 

a ARARs (chemical specLc) including 

Acceptable exposure levels for systemic toxicants 

Acceptable exposure levels for known or suspected carcinogens 

Technical limnations (such as detection limbs) 

Uncertainty factors 

Other pertinent information 

a MCLGs (or Maximum Contaminant Levels-MCLs-where MCLGs are zero or where 

MCLGs are not relevant and appropriate) where relevant and appropnate 

a Acceptable exposure levels where multiple contaminants or multiple exposure path- 

ways will cause exposure at ARAR levels will result in cumulatwe risk in excess of 

1 o4 

a CWA Water Qualrty Crlteria where relevant and appropriate 
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0 A CERCLA Alternative Concentration Limn (ACL) establshed pursuant to CERCLA 

Q 121(4(2)(B)(iO 

0 Emronmental evaluatron, performed to asses spec& threats to the environment 

Once a remedlal amon a#ematnre IS formally selected all chermcal-, locatron-, and aebonspeafii 

ARAFls are defined in final form If R Is found that the most sunable remedtal alternative does not 

meet an ARAR, the NCP, at 40 CFR 300 430 (f)(i)(ii)(C), prowdes forwarvers of ARARS under certain 
arcurnstances such as technical impractcakllty, nsk, or inconsistent appbbon of state require- 
ments From ths point, the altematlve becomes the final remedy as it IS inoorporated into the 

Record of Decision (ROD) Once the final ROD has been stgned, measurements may be modrfied 
only when they are determined to be apphcable or relevant and approprrate and necessary to 

ensure that the remedy IS protechve af human health and the emrhonment (40 CFR 300 43O(fl [l][ii]) 
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as hydrologic charactenstics and histonc low levels This information wll be used to refine sediment 

and air sampling locations 

In addrtion data collected since the Historical Information Summarv and Preliminarv Health Risk 

Assessment Operable Und No 3 Srtes 200 201 202 (DOE April 1991 b) and the Final Past Remedy 

Report Operable Unn No 3-IHSS 199 (DOE April 1991 a) were developed will be evaluated The 

data useability will be evaluated following the requirements set forth in the Guidance for Data 

Useabltty in Risk Assessment (EPA 199Ob) The data are anticipated to include analytical results 

from soil and water samples collected by municipalities collected from other RFP OU field 

investigations and collected by RFP monitoring programs 

4 1 2 Site Surveys 

Site surveys will be performed as part of project planning The sde surveys will including touring 

OU 3 and taking detailed notes on and photographs of vegetation and biota present and of areas 

where contamination could accumulate Such areas include snow accumulation areas and 

wetlands This information wdl also be used to refine the field investigations described in 

Subsection 4 3 and Section 6 0 of this document 

4 1 3 Access Agreements 

Access agreements will be obtained to perform the RFI/RI Tax assessment records will be reviewed 

to determine the property owners names and addresses This information will be provided to 

EG&G who will secure the access agreements rf needed 

4 2 TASK 2-COMMUNIN RELATIONS 

The information contained in this section is summarized from (DOE 1990b) In accordance wdh the 

IAG the Communications Department at Rocky Flats has developed a Plantwide Community 

Relations Plan (CRP) to develop an interactive relationship wrth the public relating to ER activrties 
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A Draft Communny Relatlons Survey Plan has been completed and forwarded to EPA, CDH, and the 

public for revtew Thrs pian specmed act~~ities to be conducted to complete the ER Program CRP, 

includ~ng plans for communtty intetviews The draft Communlty Relations Plan (CRP) was 

completed in September and the final CRP in November 1990, in accordance wRh the IAG 

schedules Accordingly, a srte-specfic CRP is not required for OU 3 The ER Program cornmunlty 

relations actMtres include partmpatmn by Plant representatives M informattonal workshop meet- 

ings of the Rocky Flats Environmental Monitoring Counal bnefings for the public on proposed 

remedlal actton plans, and memngs to sdtcit publtc comment on varms ER Program plans and 

actions 

The RFP Communications Department IS continuing other public informatKKl efforts to keep the pub- 

(IC informed of ER actMt18~ and ather ISSUBS related to Ptant operations A Speakers Bureau pro- 

gram sends speakers to CMC groups and educat~onal organmons, while a public tour program 

allows the public to wit Rocky Flats An Outreach Program IS also in place in which Plant officials 

vlsrt elected officials the news media, and business and CMC organuatlons to further discuss issues 

related to Rocky Flats and ER acttvtties. The Communrcattons oepartment recems numerous 

publtc inquiries which are answered through telephone conversations or by sending m e n  informa- 
tional matenak to the requestor 

OU 3 actmes to be petformed as of the ongoing community relations efforts include such 
a m i e s  or materials as preparation of bnefings fact sheets, and presentations, and pamipatmn in 

site tours or pubk meetings 

4 3 TASK 3-flELD INVESTIGATION 

A field investrgamn wll be conducted at all of the OU 3 IHSSs to collect samples and data concem- 

ing the nature and extent of contamination at each unit The data and sample resub also wll be 

used to support the Human Health Risk Assessment (section 7 0 of ths document), as well as meet 
the objectives and data needs described in Section 5 0 of ths document. It IS important to 

recognze that additmal phases of investigation and nsk assessment may be required at m e  
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IHSSs If contamination besides plutonium, and americium is detected or rf higher than antiapated 

concentrations of plutonium and americium are detected A phased approach If necessary is 

consistent with the approach presented in EPA s Guidance for Conducting Remedial Investigations 

and Feasibilrty Studies Under CERCLA (EPA 1988a) 

The following actwities will be performed during the field investigation 

Procurement of subcontractor (well driller and laboratones) 
Mobilization 

Well installation 

Media sampling 

Ecological surveys 

RI waste disposal 

The field investigation associated with IHSS 199 will deal primarily wrth soil and terrestrial biota 

sampling while the field investigations associated wlth the resetvoirs and drainages (IHSSs 200 

201 and 202) will focus on sediment surface water aquatic biota and groundwater sampling 

Details regarding the field investigation are provided in Section 6 0 of this document 

Detailed sampling plans will be developed for each sampling actmy 

4 4 TASK &SAMPLE ANALYSIS AND DATA VALIDATION 

A crrtical task in the RFI/RI is the sample analysis and data validation procedures Data useabilrty is 

crrtical in performing a quantrtative risk assessment The sample analysis and data validation proce 

dures are essential elements of data useabillty Activities included in this task are sample man 

agement analyses use of mobile laboratones data validation and testing of physical parameters 

The analytical methods will be completed in accordance wlth the ER Program Qualrty Assurance 

Project Plan (QAPP) Project specrfic QA requirements are included in the QAA Section 10 0 of this 

I 
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work plan Section 6 0 of thls document specifies the analytrcal requirements and field QC 

requirements, as well as sample conta~ners, presentation and holding times The samples collected 

unll be analyzed by an RFP contract laboratory 

Data wll be reviewed and validated according to the data valld;rtion guidelines in the QAPP and the 

Date Valtdahon FunctKwwl Gudelines (EG&G 199od) These documents state haw the results of 
data revw and validation achwtles wll be conducted and documented in data validation reports 

4 5 TASK +DATA EVALUATION 

The data evaluation task includes the analysts of data once R has been verified that the data are of 

acceptable accuracy and preclslon as described in Subsecbon 4 4 of this document Act~v~tlea 

associated wrth the data waluatm task include data evaluation data reduction and tabu-, 

stabstical analyses, and environmental fate and transport evaluation The conceptual models will be 

refined based on new information as rt IS acquired 

Data collected during the fieJd inveagatm unll be incorporated into the exlstrng data base, Rocky 

Flats Emwonmental Dadabase System (RFEDS), and used to better define the nature and extent of 

contamimt~~~ and to suppott the Baseline Rsk Assessment If the data collected supports 

hlstoncal data, the hlstoncal data w111 also be used to support the Baseline Risk Asse%ment. 

4.6 TASK HASELINE RISK ASSESSMENT 

The purpose of thts task is to conduct the Baseline Rlsk Assessment for OU 3 The purposes of the 

Baseline Rlsk Assessment IS to assess the potential human health and mronmental nsks 

associated vath the site and to pKwrde a bass for determining whether remedial actions are 

necessary The Baseline Rsk Assessment includes a Human Heatth Risk Assessment and an 
Emnronmental Evaluatm The approaches to conducting these two assessments are presented in 

Sechons 7 0 and 8 0 of ths document. Conclusions from the Hfstoncal Informahon Summary and 

Preluninary Health Rsk Assessment Operabl eUnrNo 3SRes200 201 and202(DOE,1991b)and 

I 
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the Final Past Remedy Report Operable Una No 34HSS 199 (DOE 1991 a) state that the specficity 

and quality of existing information are insufficient to perform a rigorous quantaatwe human heatth 

risk assessment Addltional data will be collected during the field investigations in order to perform 

a quantkative Baseline Risk Assessment As previously stated if the new data supports historical 

data the historical data will also be used to support the Baseline Risk Assessment 

The sampling program is designed to generate data that meet the requirements of the Guidance for 

Data Useabilrty in Risk Assessment (EPA 199Ob) Efforts included in this task are identhcation of 

contaminants of concern characterization of animal and plant communrties exposure assessment 

toxicrty assessment qualaative and quantltatnre uncertainty analysis and risk charactenzation 

The Baseline Risk Assessment will address the potential public health risks and the environmental 

impacts The current and potential (future) risks associated wkh the srte under the noaction 

altematwe (no remedial action taken) will be assessed based on the data collected If the Baseline 

Risk Assessment determines that risks posed by contamination at OU 3 must be remediated 

Tasks 7 9 and 10 will be conducted The Human Health Risk Assessment and Environmental 

Evaluation Work Plans are presented in Sections 7 0 and 8 0 of this document respectlvely 

4 7 TASK 7-TREATABILITY STUDIES 

The primary purposes of a treatability study is to provide sufficient technology performance infor 

mation and to reduce cost and performance uncertainties to acceptable levels so that treatment 

atternatives can be fully developed and evaluated during detailed analysis The task includes efforts 

to evaluate whether treatabilrty studies are necessary and d so to prepare for and conduct treatabil 

rty studies If remedial atternatives are developed the data collected as part of the field investigation 

will be reviewed in terms of whether the alternatives can be evaluated Based on the data collected 

and evaluated as part of the Preliminary Human Health Risk Assessment a is unlikely treatability 

studies will be necessary However d addltional data are required, treatabihty studies or field 

investigations will occur 
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If R IS determined that a treatability study IS necessary, a treatabtlrty work plan will also be prepared 

The plan w111 tdenttfy treatabdny tests that need to be conducted along wah test matenals and equip 

ment needed 

The treatability work plan wll discuss the following 

0 The scale of the treatabtkty test 

0 Key parameters to be vaned and evaluated and cntena to be used to evaluate the 

tests 

Speaficat~ons for test samples and the means for obtaning these samples 

0 The test equipment, matenals, and procedures to be used in the treatabtlity test 

0 ldentficatlon of paternal vendors who may conduct the tests and anatytlcal sennces 

transport samples and resldues and conduct tests 

that wll be conducted, as well as any specml procedures and pemm required to 

0 The methods required for resdue management and disposal 

0 A? special WQC needed for tests 

4 8 TASK MEMEDIAL INVESTlGATlON REPORT 

T ~ I S  task includes development of a draft and a final RFI/RI Report The RFl/Rl Report will 

summarize efforts related to the findtngs of the data evaluat~on and the Baseline I?& Assessment. 
Table 4-1 presents a typtcal outline for an RFI/RI Report The RFI/RI Report will 
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TABLE 4-1 

SUGGESTED RI REPORT FORMAT 

Executtve Summary 

5 

6 

Introdudon 
1 1  Purpose of Report 
1 2 Site Background 

1 2 1 Slte Descnmon 
1 2 2  Slte Histoly 
1 2 3 Previous Inv&gations 

1 3 Report Organizdon 

Study Area Investigdon 
2 1 Includes field actwhes associated with sbe characterization These may include physical and chemical 

monltoring of some but not necessarily all of the following 
2 1 1 
2 1 2 
2 1 3 
2 1 4 Soil lnveshgations 
2 1 5 Groundwater Inve&gations 
2 1 6 Human Populdon Surveys 
2 1 7 Ecological Inv&g&ons 
If technical memoranda documentmg field actlvdies were prepared they may be included in an 
appendoc and summamed in this report chapter 

Surface Features (such as topographic mapping natural and manmade features) 
Contaminant Source Investigations 
Surface Water and Sediment Invesbgations 

2 2 

Physical Charactenstics of the Study Area 
3 1 Includes results of field actwttms to determine physical charactenstics These may include some but not 

necessarily all of the following 
3 1 1 Surface Features 
3 1 2 
3 1 3 Soils 
3 1 4 Hydrogeology 
3 1  5 Ecology 

Surface Water Hydrology 

Nature and Extent of Contamination 
4 1  Presents the result of site charactematron both natural chemical components and contaminants In 

some but not necessanly all of the following media 
4 1 1 soils 
4 1 2 Groundwater 
4 1 3 
4 1 4  Air 

Surface Water and Sediments 

Contaminant Fate and Transport 
5 1  
52 Contaminant Persistence 
5 3 Contaminant Migratton 

PoteMal Routes of Migrdon (such as air and groundwater) 

Baseline Risk Assessment 
6 1  Human Health Evaluation 

6 1 1 Exposure Assessment 
6 1 2 Toxicty Assessment 
6 1 3 Risk Characterization 
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TABLE 4-1 

SUGGESTED RI REPORT FORMAT 
(-- 

6 2  Envlronmentai Evduabon 

7 Summary and Conclusions 
71 Summary 

7 1 1 
712 FathandTruwport 
713 RlrkAesewnent 

721 
72.2 Fbcommnd.d Fhnedial Action Obje&ma 

Natum and brit of Contamination 

72 Conclusions 
Data Limltrdionr and R.oommend&ons for Future Work 
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0 Describe the field activrties that serve as the basis for the RFI/RI Report in detad 

This will include any deviations from the work pian that occurred during implementa 

tion of the field investigation 

0 Discuss srte physical condltions This discussion will include surface features 

meteorology surface water hydrology surficial and subsurface geology, ground 

water hydrology demography and land use and ecology 

0 Present srte characterization results from RFI/RI activnies at OU 3 to characterize the 

nature and extent of contamination, including contaminant sources soils sediments 

groundwater surface water air and biota 

0 Discuss contaminant fate and transport This discussion will include potential con 
taminant migration routes contaminant persistence and potential receptors 

0 Present the Baseline Risk Assessment 

0 Present a summary of the findings and conclusions 

0 Identify data needs rf any 

4 9 TASK HEMEDIAL ALTERNATIVES 

DEVELOPMENT/SCREENING 

This task includes efforts to develop and screen the remedial alternatives that will be Subject to full 

evaluation This task will be performed only if the Baseline Risk Assessment determines that the 

risks posed by contamination at OU 3 must be remediated Activrties to be included in the task rf 

performed are the following 

0 Establishing remedial action ObjectlveS 
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0 Identifying and screening potential technologies 

0 Assembling potential afternatives 

0 Identifying locatm and action specific ARARs and refinrng chemical-specific ARARs 

0 Evaluating each alternative on the bass of screening cntena (effectrveness imple- 

mentability andcost) 

0 Reviewing and providing Quality Assurance/Quallty Control (WQC) 

0 Refining the list of alternatives to be evaluated 

4 10 TASK 10-DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

The detaded anatyss of aftematives consists of the analysis and presentation of the relevant infor 

mation needed to allow decisionmakers to select a srte remedy Each alternative retained after 

conducting Task 9 IS assessed against the evaluation criteria and the results of the assessment are 

arrayed to compare the alternatives and identify the key trade of& The following will be performed 

ifthlstasksneeded 

0 Refinement of altemawes 

0 lndwidual analysis of altemawes against the mena 
Comparative analysw of alternatives aga~nstthe cntena 0 

0 Remew of QNQC Mom 

0 Development of an FS 

DEWLATS16I015 51 

- L 
f 



EG&G ROCKY FIATS PLANT 
RFVRI Work Plan for OU 3 

Manual 

Section 4 
Revision 1 
Page 13 of 13 
Effectwe Date 

Category Final Organization w 

Nine evaluation crtteria have been established to address the statutory considerations and include 

the following 

Overall protection of human health and the environment 

Compliance with ARARs 

Long term effectiveness and permanence 

Reduction of toxicity mobility or volume through treatment 

Short term effectiveness 

Implementability 

cost 
State acceptance 

Community acceptance 

These criteria are described in the Guidance for Conducting Remedial Investigations and Feasibility 

Studies Under CERCLA (EPA 1988a) The initial two criteria are considered threshold criteria 

because these akematrves must be satisfied before further consideration of the remaining crReria 

The next five criteria are considered the primary criteria on which the analysis is based The final 

two cnteria, state and community acceptance will be addressed during the final decisionmaking 

process after completion of the CMSFS 

As stated previously the Baseline Risk Assessment will determine B any other nsks posed by 

contamination at OU 3 require remedratron 
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5 1 2 Evaluate Available Data 

Historical data for the IHSSs included in OU 3 have been reviewed and summarized in the Final Past 

Remedy Report Operable Unit No 3-IHSS 199 (DOE 1991a) and in the Historical information 

Summary and Preliminary Health Risk Assessment Operable Unit No 3 iHSS 200-202 (DOE 1991 b) 

Section 2 0 of this work pian summarizes previous work performed The data useabilrty of the 

previous data collected have been rewewed in accordance wnh the Guidance for Data Useabilrty in 

Risk Assessment (EPA 1990b) procedures The conclusions of the review indicate that much of the 

data does not meet the necessary DQOs to perform a rigorous quantrtatlve BRA (human health and 

environmental) 

5 1 3 Develop Conceptual Model 

The OU 3 conceptual model is presented in Subsection 2 5 The model includes a descripbon of 

potential sources, pathways and receptors The potential pathways identified are those associated 

with Soil surface water groundwater aquatic and terrestnal biota and atr/wind The potential 

release mechanisms include fugnlve dust and wind erosion surface runoff infiltration and 

percolation biotic uptake and tracking by organisms The primary pathway is through the arr/wind 

dispersion of surface soils This pathway and the other potential pathways will be charactenzed 

and evaluated during the RFI/RI for this OU 

5 1 4 Specify RFI/RI Objectives and Data Needs 

Based on existing data and the conceptual model presented in Section 2 0, the site-spec@c RFI/RI 

objectives and data needs associated wlh determining the nature and extent of contamination and 

performing the Human Health Risk Assessment and Environmental Evaluation were developed 

The objectwes of the RFI/RI are to 

0 Characterize site physical features and ecological characteristics of the Site 

OU 3 FmaU12-06-91 DEN/FIATS16/017 51 



0 Characterize the nature and extent of plutonium, americium, and uranium 

contamination at each IHSS in each medla that IS a potential pathway 

0 Assess the presence or absence of other chemicals -that may be in OU 9 

in sediments and surface water 

0 Collect data to support the quanthbw ' Human Health R i  Assessment 

0 Collect data to support the Envlromnental Evaluation 

5 2 STAOE HDENTIMNO DATA USEWNEEDS 

stage 2 of the DQO process defines dam uses and speclties the data types needed to meet the 

project obpct~~es The comephA model presented in sedm 2 0  dthis work plan was the basw 
for dentifying data needs. For an axposute pathway to be complete there must be a contaminant 
source, release mecharusm tcansport mechansm route of exposure, and a reo8ptor To evaluate 

the ongung RFP ate environmental mltonng data was rewewed to detemnne if informatton d 
sufficient quality and quantity was ava~lable to charadenze the OU and to pertonn the quanbtative 

Human Health k k  Assessment and the Emuonmental EvaluatKKl 

eachpumbal ~ U r e p a t h w a y  derlmd in the txmcepw model, thehistoncal dataand someof 

The data review indcated that the exmng data were not of sufficient quality to meet the DQOs for 
performing a quantnatnre BRA The data needs -Hied for ths RFI/RI fows on confirming past 

samplmg results If past sampling results are confirmed, haoncal data will be used to substantrate 
the quamame BRA. 

Charactermng each potential exposure pathway IS comdemd adataneedforthlsOU Because 

most of the data needs have multiple data uses, the CharaCterbatKHl data wll be used for site 
charactertzation and for performing the Human Health Fbk Assessment and the Environmental 

Eval- 
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Table 5-1 descnbes the data needed to fulfill speclfic ObjectlveS including the pathway addressed, 

the type of actwny required to collect the data the analytical level and the intended data use Each 

data need and field actwtty is designated by a data ttem number(s) The data ttem numbers are 

referenced in the FSP (Sections 6 0 and 8 0) In addition, the pathways addressed by each data 

need are numbered The numbered pathways are depicted in Figures 2 14 and 2 16 and 

Appenduc A 

The following subsections describe the Stage 2 DQO steps that were followed to develop Table 5-1 

5 2 1 Identifying Data Uses 

Data uses for OU 3 include the following 

e Srte charactenzation 

e Human Health Risk Assessment 

0 Environmental Evaluation 

Community Relations 

5 2 2 Identify Data Types 

Data types can be initially speclfied in broad groups and then dwided into more specific 

components For example soil, sediment, groundwater, surface water ar, terrestnal and biota 

samples wll be collected during the field investigation The selection of analytical parameters and 

physical testing was based on the OU 3 RFI/RI objectwes and on past actnrities These data types 

provide information to evaluate potential pathways identrfied in the conceptual model and meet the 

other objectwes of the RFI/RI presented in Subsection 5 1 4 
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5 2 3  ldentifyDataQwlltyNeeds 

The EPA defines five levels of analytical data (EPA, 1987c) ilssoclilted with data qual@ The 

analyt~cal levels correspond with those noted in Table 5 1  

0 Leva I-FmId screening or anafysls using portable instruments Results are often 

not compound Specmc or quantrtatrve, but results are avabble in real-trme Level I 

IS the least costjy analytical option Levell IS typically used for initial site 

characterization 

0 Level Il-fmld analyses usmg more sophmcated portable anaiytd instruments In 

somecases, the instruments may beset up in a m b &  laboratory onsne There IS 

a vnde range in the quallty of data that can be generated Quallty depends on 
using suitable calibratron standards reference materials and sample preparation 
procedures and training the operator Results are avatlabk in real time or several 

hours later Level II IS typically used for srte characterization and evaluation d 
alternames 

0 Level Ill-These analyses are performed in an m e  amlyt~A laboratory Level Ill 
analyss may or may not use contract laboratory pragram (CLP) procedures, but do 
not usually use the validation or documentation procedures required of CLP Level N 
analysis. The laboratory may or may not be a CLP laboratory Level 111 IS typically 

used for site characteriam, evaluamn of atternat~es, and nsk assessment. 

0 Level IV-CLP routme anaJyt~cal se~c85 (RAS) All analyses are performed in an 

M a e  CLP analytical laboratory following CLP protocols Level N is characterized 

by ngoro~~s W Q C  protocols and docummon Level N IS typcally used for nsk 

assessment and evaluation of altemattves 
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Level V-Analysis by nonstandard methods All analyses are performed in an offstte 

analytical laboratory that may or may not be a CLP laboratory Method develop 

ment or method modtfication may be required for speck constttuents or detection 

limtts CLP special analytical services (SAS) are Level V Level V IS typically used 

for risk assessments 

The levels appropnate to the data need and the data use have been specrfied on Table 5 1 The 

levels as they apply to this work plan and spectfic actmies are presented in Table 5-2 and have 

been identrfied by companng the detection limits for an analytical method to 

chemical specfic ARARs 

the preliminary OU 3 

5 2 4 Identify Data Quantity Needs 

Data quantlty needs were based on a review of the histoncal data preser..ed in the Final Past 

Remedy Report (DOE May 1991a) and the Historical Information Summary and Preliminary Health 

Risk Assessment (DOE, May 1991 b) Some data collected previously at the sRe helped focus the 

addttional data quanttty needs In addrtion the EPAs Guidance for Data Useabiltty in Risk 

Assessments (EPA 199Ob) has been followed to help determine the data quantrty needs 

The rationale for sampling quantities is descnbed Section 6 O-Field Sampling Plan In areas where 

some data exist (such as soil samples) a statistical approach to defining sample quantity and 

location was followed The rationale for sample quantlties also assumed that the data to be 

collected will confirm past results and that some of the historical data will be used qualttatlvely to 

support the Human Health Risk Assessment and the Environmental Evaluation 

5 2 5 Evaluate Sampling/Analysis Options 

Data collection activtties must be designed to obtain maximum use of the data The samplig/ 

analysis approach for this work plan is based on previous slte investigations If sampling does not 

confirm previous investigations adddional data collection activtties may be necessary However an 
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TABLE 5-2 

5 LEVEL OF ANALYSIS 
OPERABLE UNIT NO 3 

Lmml I (Fleld screens) 

Love1 II (Fleld AMlyses) 

Level 111 (Laboratory Anatyses 
using EPA Smdard Methods) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Major ion analysls 
organics Bnalysls 
lnorganlcs analysls 

Analysls of Target Compound Lst (TCL) and Target 
Analyte (TAU 

Raddogical analyses 
Contamfnant analyses requinng modii ion of 
standard methods 

61oaccumulatK#1 in biota (TAL metals) 
6idogical analyses 

special Anaiyttcal sennces (SAS) 

Source U S EPA (1987~) 
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effort has been made to anticipate most of the field work necessary to meet the DQOs In addfiron 

results from other OUs and from the OU 3 sampling program will be evaluated as data become 

avalable If results indicate that addrtronal analyses or sampling is necessary rnodlfications will be 

made to the sampling program This will be done to avoid performing a successive RFI/RI 

5 2 6 Review of PARCC Parameter Information 

Precision accuracy representatweness, completeness and comparabihty (PARCC) parameters are 

indicators of data qualrty Precision, accuracy, and completeness goals were established for this 

work plan based on the analyses to be performed and the analytical levels In the quantnatnre 

Human Health Risk Assessment and the Environmental Evaluation, only data that have been 

reviewed and have met specrfic cnteria can be used A summary of the minimum requirements for 

data quality indicators is presented in Table 5-3 as is a description of the potentral impact to the 

Human Health Risk Assessment and the suggested correctwe action The cntena presented in 

Table 5-3 will be used to evaluate the data useability of the data collected from the OU 3 field 

sampling program 

The analytical program requirements for OU 3 are discussed in Subsection 6 3 of this work plan 
The analytical program specifies the use of analytical methods referenced in the EG&G Rocky Flats 

General Radiochemistry and Routine Analytical Services Protocol (GRRASP) (DOE 19%) for all 

analytes These analytical methods are appropriate for meeting the data qualrty requirements for 
analytical levels II through V The precision accuracy and completeness parameters for analytical 

levels II through V are discussed below along wnh the comparabilrty and representatweness for all 

analytical levels The DQOs spectfied for the precision accuracy and completeness will be used in 

evaluating the qualrty and useabilrty of the laboratory and field data 

Precision and accuracy objectnres for the analytical data collected for OU 3 will be evaluated based 

on the control limits specified in the referenced analytical method and/or in data validation 

guidelines For the radionuclide analyses the accuracy objectives speclfied in the GRRASP will be 
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followed The specrfied crnena for precision and accuracy are descnbed in Section 10 O-Qualrty 

Assurance Addendum for OU 3 

The target completeness objectwe for the OU 3 field and analytical data is 90 percent 

Comparability is a qualitative parameter that expresses the confidence wlth which one data set can 

be compared wfih another In order to achieve comparabilily work performed at OU 3 will follow 

approved sampling and analyss plans use standardlzed analytical protocols collect data following 

Standard Operating Procedures (SOPS), and report data in consistent unns of measurement 

Representatweness expresses the degree to which sample data accurately and precisely represent 

a characteristic of a population parameter variations at a sampling point, or an environmental 

condnion It is a qualrtatlve parameter that IS most concerned wRh the proper design of the 

sampling program The FSP descnbed in Section 6 0 of this work plan as well as the referenced 

SOPs describe the rationale for the sample program to provide for representatwe samples In 

designing the field sampling program, statmica1 considerations were glven in selection of sample 

locations and sample numbers 

5 3 STAGE M E S I G N  DATA COLLECTION PROGRAM 

The purpose of Stage 3 of the DQO process IS to design the specrfic data program for the OU 3 

RFI/RI To accomplish this the elements identified in Stages 1 and 2 were assembled and the FSP 

was prepared The FSP and the Quallty Assurance Addendum are presented in Sections 6 0 and 

10 0 of this work plan, respectlvely A detailed discussion of all samples to be obtained is presented 

in Subsection 6 4 for each media and includes sample type number of samples sample location 

analytical methods and QNQC samples 
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6 0 FIELD SAMPLING PLAN 

6 1 INTRODUCTION 

The purpose of this Section of the work plan is to present the FSP that has been developed to meet 

the RFI/RI objectnres As stated in Section 5 0, the primary objectives of the RFI/RI are to collect the 

data necessary to determine the nature distribution and migration pathways of contaminants and 

to quantify any rtsks to human health and the environment More speclfic objectnres were listed in 

Subsection 5 1 4 Based on these objectlves the sne-speclfic DQOs and data needs have been 

identified in Section 5 0 and are the basis for developing the field sampling plan in this section 

Field sampling actlvnies by media, are presented in Subsections 6 3 2 through 6 3 6 The field 

sampling plan for the environmental evaluation is presented in Section 8 0 

The FSP presents a summary of previous OU 3 actlvrties a discussion of relevant studies by other 

OUs rationale for chemical analyses and field sampling actnrnies by media-soil sediments, surface 

water, groundwater, and ar Following the description of sampling actlvnies the sample analyss 

program (sample designations analytical requirements, sample containers and preservations 

sample labeling and documentation and data reporting requirements) and the field qualrty control 

procedures are discussed As discussed in Subsection 4 3, detailed sampling plans will be 

developed before performing the specfic sampling actnrsies 

6 1 1 Background 

Previous investigations in the vicinrty of OU 3 have been performed and are described in the - Past 

Remedy Report (DOE 1991a) the Historical information Summary and Preliminary Health Risk 
Assessment (DOE 1991 b) and bnefly in Section 2 0 of this work plan These data have helped 
focus the field acttvlies necessary to complete the RFI/RI and perform the quantitative Human 
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Health Rtsk Assessment and Enwonmental Evaluatm Addmnal field investgatmns are bet- 

pertormed for other OUs and in the environmental monttmng program performed by EG&G, CDH, 

and the atms of Broamfield, Westminster, Thornton, and Northglenn as mentioned previously in 

Subsecbonsl38 and 139 Some of these studii are dtscwsed in more detclll in 

Subsecbon 6 1 2 In order to not duplime ongoing work at Rocky Flats, these ~nveaigamm have 

been revlewed to helpfoccls OU 8 data needs and to rdenMy which datawlll be evaluated with the 

OU 3 data. 

An evaluatm at data useabtltty for exmng data at IHSS 199 through 202 was p8rformed and 

summanzed in the Final Past Remedy Report (DOE, May 199la) and the Historical Information 
Summary and Prdimtnary Health Assessment (DOE, May 1991 b) The evaluabon concluded that 

few of the cntena found in the EPA Guidance Document for Data Useability in Rtsk 

@PA, 199Ob) were met. The FSP developed in thts work pian IS designed with the intent ofthe data 

collected to meet the cntena described in the EPA guidance The FSP IS also destgmd to evaluate 

results of prev#ws I n v m  Ifthe historical results areconfirmed prevlousiy cdlected datavdl 

be used to substamate the quantltatnre Human Health Risk Assessment and the Envtronmental 

Evaluatton If the prev~xrs sampling results are not confirmed and umtaminam's other than 

plutonium and amerjclum are detected anuther phase of field sampling may be reqlwed 

The Guidance for Data Useabtllty In Rlsk Assesment (EPA, 199ob) provides gutdance for evaluabng 

the necesSny of atternatwe sampling strategies and deslgrung a smsbcal sampling plan The 

objecbve IS to determine a strategy that collects data r- of condttions at the site and IS 

wtthin resource limitatms The rationale for each sampling program IS provided in Subsechon 6 3 

6 1 2 Rel.vcmt Studies of Other OUs 

As prevKwsly menttoned, i-ons are occumng at OU 2-903 Pad, Mound, and East Trenches 

Areas OU 4-207 Solar Evaporatm Ponds, OU 5-Woman Creek, and OU &Walnut Creek P n W  

Dmnage that are relevant to OU 3 Similar field sampling techntques and a1l8)ytical mevIods wll be 

used where appropriate, so data collected from the OUs are COmparaMe Work performed in other 

DE?VFlA~lyoo5 51 OU 3 FmaVl246-9l 
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OUs will also be used when evaluating OU 3 results In addttion some of the sampling results from 

OUs 2 will be available before OU 3 sampling begins The OU 2 results that are available will be 

reviewed and modrfications to the OU 3 sampling program will be made rf necessary As other OU 

data are available they will be incorporated into OU 3 evaluations 

At OU 2 studies to evaluate the static and mobile soil phase of the physicochemical association of 

plutonium and americium will be performed This work will provide information on the mobillty and 

environmental fate of radionuclides in the soils Hydrological analyses of the frequency duration 

and intensty of summer precipitation events and spnng snowmelt events coupled wnh direct 

measurements of solute transport in soils, will provide information to assess the movements of water 

and radionuclides (dissoived and particulate) down through the soil column A descnption of the 

work to be performed is provided in Attachment 1 of the Final Phase II RCFtA Facillty I~estigation 

Remedial Investigation Work Plan for OU 2 (EG&G 1991a) The information provided from these 

studies at OU 2 will be applied to predict the fate and transport of plutonium and amenaum found 

in soils and sediments at OU 3 

At OU 4 the solar evaporation ponds some of the surface soils in the vicinlty of Ponds 207A 2078 

207C and surrounding the RCRA Waste Management Area will be sampled and analyzed for TAL 

metals as well as radionuclides These surface soil metal analyses will help charactenze potential 

sources of metals from the solar evaporation ponds If this area is confirmed as a source of metals 

likely to be dispersed through the air pathway across RFP boundmes metals will be investigated in 

soils at OU 3 However since a sufficiently large source of metals contamination that could be 

transported via the tllr pathway has not been identrfied metals will not be investigated in OU 3 soil 

samples at this time Additional discussions regarding the soil sampling program for OU 3 Is 

presented in Section 6 2 2 4 

At OUs 5 and 6 the Woman Creek and Walnut Creek drainages are being investigated The results 

from these actlvities will be used in evaluating the drainage investigations for OU 3 In addttion 

background sampling for OU 6 will consist of sediment and surface water sampling that mll be 

Collected west of OU 6 to provide background information on Walnut Creek This information will be 
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used in evaluahng sediment and surface water results from the OU 3 inveshga'hon Background 

groundwater quality will be based on the 50 wells that were installed in 1989 as part of the netuvd 
to characterne upgradient groundwater unaffected by RFP (Rocky Flab Plant Si8 E m r o n m  

Repon, January through December 1989) (EG&G, 199Ub) The wells are sampled quarterly as patt 
of the Rocky Fiats Plant ate emnronmental morutw program In additm, the Background 

-MA C m -  Report for 1989 (EG&G 1- describes and s u m m e s  
-g-geochermcal ' datafortheRfP 

If ragultsfrom any ofthe work bang pertormed on the RFP ate indtcate other contaminants likely to 

be drspersed through the a r  pathway across RFP boundaries, the OU 3 fSP will be reevaluated 

This reevaluamn will indude involNlg the €PA, CDH, DOE, and EMQ and subwnmxor personnel 
to identify appropriate changestothe OU 3 FSP 

6 1 3 Summary ad Fidd Imedgation Activlth 

In Secbon 50, general data needs wem identified uwth their assocaed data quali obptives. A 

objecbves. AsummaryofW sampling activffies by -for OU 3 IS presented inTable 61 The 

and the rabmale for the acbvity The first column indudes data need desgnattons and the last 

column indiies the pathways from the conceptual models that are be~ng addressed The 

designatms can be used to cross-reference the proposed samplmg actwity to T-5-1, which 

ldentrfies the OU 3 data needs The following subsect~ons provide addlbonal detail by medla so11 

sediment, surface water groundwater and air and descnbe the rationale for chemical analyses and 

the field sampling procdures to perform field actMties 

detalled sampllng program for Ou3 was developed from these data needs and data quallty 

table sunwnamesthe purpose afthe field activity, locmon, emmated number d sample locamns, 

6.2 OU 3 CHEMICAL ANALYSES RATIONALE 

ThIS subsecbon presents the rationale for selecting ou3 specific chermcal anatyses The 

and ratmale for OU3 chemical analyses sdectm has followed EPA gutdance 

DENn%ATS15/005 51 OU 3 FinaV1246-91 
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documents including Gutdance for Conducting Remedii investigatm and Feaslbltty Studies 

Under CERCLA (EPA, 1988) Data Qualrty Objectives for Remedial Response Achvihes @PA, 1989) 

and Guldance Oocument for Data Useatnlii in Rwk Assessment (€PA, 199Ob) 

For the identification of OU3 speak data amiyses, data from the comprehenswe ate 

characteraation that has been ongoing at OU 1 and 2 since 1986 were mewed In add i i ,  

annual momtonng by EG&G, CDH, and the atms af BroomfWJ, Westminster, Thornton, and 

Notthglenn have been performed on and around the RFP as part of the site mronmental 

monnonng The data revw has focused on data from groundwater, surface water, and sediments 
along lndlana Street, just west of OU3 These locatms repmsmt the dawngradlent property 
boundary ofthe RFP tf cotltamirmts are not detected in these loca?ions, they are not likely to be 

present in OU 3 This approach, in conjunctton with the conceptual pathway models that fdentify 

souTcBs and release mechanm, has been used to select the adyhcal program for OU 3 

621  Approach 

The approad.1 to ldentlfylng and semngthe chemlcal ~alysesforOu3 comlsts ofthefdlowing 

two steps 

0 Step I-Summarke compounds that have been detected along lndlana Street for 

groundwater, surface water, and sediments by analytical group 

0 Step 2-Evaluate results to identify prevalent compounds and contaminants of 
Concern 

In Step 1 ,  pertinent data amtabulated slmwng the number of detections of each chemlcalthal are 

detected one or more trmes, the m m u m  value detected and the average of the detected values 
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Compounds that were not detected are not included in the summanes This is performed for each 

media sampled The analytical groups are as follows 

b TCL volatile organic analyses (VOAs) 

b TCL Semrvolatiles 

Acid Extractables 

Base/Neutral Extractables 

b Pesticides/PCBs 

0 Radionuclides 

0 Target analyte list (TAL) metals 

Three possible outcomes are identfied through the tabulation of data 

0 Case 1-The tabulation demonstrates that chemicals within one or more analytical 

groups in a spectfied media have not been detected at the given detection lima 

Therefore additional sampling for that analytical group is not necessary to achieve 

the RFI/RI objectrves 

0 Case 2-The tabulation demonstrates that one or more chemicals from an analytid 

group have been detected in a specrfied media elther inconsistently or at low 
concentrations and further evaluation should be made as to whether addltional 

investigatrve sampling and analysis is necessary Evaluations include toxlcity and 

mobilny of compounds and histoncat releases of compounds known to have 

occurred onslte 

DENFIATS1 5/005 51 OU 3 FinaV12-06-91 



0 Case %The tabulaban demonstrates consistent detect- of one or more 

chemicals from an amlykai group m a specmed media and suggests that fwther 

tnvesbgat~ sampling and analysis IS required to achieve the RFI/RI objectwe 

After tabulating the results and assigning elther Case 1 2, or 3 to the chemical groups, the 
i m p l m n s  of eliminating the analymd group from the samplmg program were evaluated In 

Case1,thean~groupcanbeellrmnatedp~thehwtoncaldataareafrsdequatequallty 

or useab~llty, and are represent;dnre ofthe slte Data quaifty is assessed in accordance with the 

in Risk Assessment (EPA, QAPP the GRAASP, and the EPA s Guidance Document for D m  usaljlkty 

199Ob) Eliminatlon of the groups where historical data fits Case 2, requires an assesSmem of data 

quaky, chemlcal fate and ttansport, and human and envlrMwnental risks posed by the cheMcals 

(see Subsectm 622) In addmon, any histoncal release informadion and c h e m i i  d concern at 

other OUs are evaluated Assessment of chemical fate and transpart and humdmronmental 

nsks allows a determination to be made as to whether the c h e m d  IS at a ccmentratm in a 

spec& media that poses an unacceptable nsk to human health or the environment through a likely 

exposure pathway, and whether the chemical IS likely to m m e  to another medium at 
wmemmom that also pose an unacOepable nsk For -3, continued mondoring for the 
analybcal group in order to better characterne the medii is j ~ ~ t ~ f i d ,  particuhiy for chemicals that 

are mob@ and toxlc 

The fate and transport of the contaminants likely to be found in OU3 are discussed in 
Subsection 25 1 1 

Another factor in comdenng whether or not to analyze cemn chermcal groups is the tcuclcrty of 

various chemicals in the medi they are found In this anaiyss the concentrabons of the chemd 

detected were compared to the AppllcaMe or Relevant and Appropate Requirements ( A M )  

AppendPC B, Tables B-l,B-2,64, and 8-6, summame the lowest potenbal ARARs for the chemrcals 

detected in the groundwater surface water and sedimenrs along lnchana Street The action levels 

for sediments are based on the EPAs proposed RCRA Conective Acbon Regulatrons (FR v55, No 

145 July27,1990,40 CFR 264521) They are based on hkdy chemlcal exposure scenarios of a 0 
DEN/FLATSlW 51 OU 3 FinaV12-0691 
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lo* incremental cancer r&k (for carcinogens) or a no adverse health effect from a IBetime exposure 

to a systemic contaminant (noncarcinogen) The proposed action levels are for soils not sediInents, 

and are included for comparison purposes only They are not considered ARARs 

6 2 2 Data Review Summary 

The data reviewed for this evaluatlon were from three alluvial wells and one bedrock well along 

Indiana Street three surface water locations at Walnut Creek and Woman Creek located along 

Indiana Street and sediment samples collocated wtth the surface water samples (Ftgure 61) The 

data were collected from 1987 to 1990 Results are tabulated by media and are summamed on 

Appendtx B Tables 8-1 through B 7 Appendtx B Tables B 1 B 2 8-3 and 6-4 summame the 

compounds detected in groundwater surface water, and sediment samples collected along Indiana 

Street Appendtx B Tables B 5 B-6 and B 7 summarize all the compounds that were analyzed for 

but not detected for each of the media A chemical was considered detected B the value was above 

the method detection limn or f tt was qualtfied wtth a J indicating the presence of the chemical but 

below the method detection limrt Those values qualtfted wtth a 'B' were not considered a detection 

A B qualrfier indicates the chemical was found in the laboratory QC blank and is probably 

associated wtth laboratory contamination rather than stte-related 

The data qualtty and useabiltty was also considered in the data review Most of the water quality 

data were validated or acceptable wtth qualtfications relattve to guidance provided in the QAPP and 

GRAASP However high concentrations of acetone butanone and methylene chlonde in the 

laboratory blanks in the 1987 investigations render it dtfFicuh to ascertatn their presence in Samples 

as an indication of stte contamination More recent validated data indicate they are not likely stte 

contaminants in groundwater or surface water (EG&G 199Oe) 

A summary of OU 3 analyses for groundwater surface water soils and sediments is presented in 

Table 62 For groundwater wells the samples will be analyzed for plutonium 239+240, amencium 

241 uranium 233+234 235 238 and cation/anions The surface water Samples will be analyzed 

for TCL volatile compounds in samples collected in Mower Reservoir only All other surface water 

DEN/FLATSl5/005 51 OU 3 Fina1/12-OS-91 
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TABLE 6.2 

SUMMARY OF CHEMICAL ANALYSES FOR OU 3 

mlyssr Ground Water surhcew.t.( sedilnents soils 

TCL VOA N O - 2  N O - P  NO-2b NO 

TCL A d  Extractable N O - 1  N O - 1  N O - 1  NO 

TCL ~~ NO-1 NO-2  N O - 2  NO 

TCL P W C B  N O - 5  NO' - 2 N O - I  NO 

Radionuclides YES-2 YES-2 YES 3 YES 

TAL Metals N O - 2  YES-2 YES-3 NO 

Notes 
Nojndlcases analyses not mcesary for OU 3 

1 CASE1 
2 CASE2 Furthwdartanareqrmed 
3 CASE 2, Supplemental data required 
4 CASE 3, Data required 
5 No analyses performed for data set rewewed, but OUs 1 and 2 data indlcate not present 

Yes-mdlcates analyses necgssatyfor ou 3 

"Sutface water samples Wtll be ana@& for atrazine and simazine 
%face water and sediment samples from Mower Reservoir and associated dramages wlll be 
analyzed for Vdatlles 
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samples will be analyzed for plutonium 239+240 americium 241 uranium 233t-234 235,238, gross 

alpha gross beta and TAL metals The sediment samples will be analyzed for TCL volatiles for 

Mower Reservoir only and plutonium 239+240 americium 241, uranium 233+234, 235, 238 and 

TAL metals for all other sediment samples The surface water and sediment samples along Walnut 

Creek will also be analyzed for trrtium The soil samples will be analyzed for the 

plutonium 239+240 americium 241, and uranium 233+234 235, 238 isotopes The rationale for 

each analysis is descnbed in the following paragraphs and arranged by media 

Miscellaneous analyses such as total organic content bulk densrty, and cation/anions 

addressed in Subsection 6 3 Field Sampling Program 

be 

6 2 2 1  Groundwater 

Samples from the three alluvial groundwater wells and one bedrock well along Indiana Street were 

analyzed for volatiles semlvolatiles, radionuclides and inorganic parameters from 1987 to 1990 A 

summary of the data evaluation and rationale for selecting analyses is provided in the following 

paragraphs 

Two groundwater flow systems have been idemlfied wrthin the Rocky Flats Plant (1) a SUrfiCial flow 

system wahin the Rocky Flats Alluvium, colluvium valley fill and weather bedrock, and (2) a bedrock 

flow system wrthin unweathered bedrock sandstones A schematic of the groundwater and surface 

water interaction is presented in Figure 6 2 The figure depicts conceptually how groundwater flows 

in the alluvium and colluvium discharges to the streams The flow pathway for potentid 

contaminants in the shallow groundwater system is to the stream drainages In OU 3, site 

contaminants in groundwater can be assessed by sampling surface water and sediments in 

drainages exrting the Rocky Flats property 

6 2 2 1 1 Volatiles-Case 2 The volatile analyses fall into Case 2 with some low level and 

infrequent detections Four volatile compounds were detected in the alluvial wells (Appenduc B 
Table B 1) The most frequently detected compound was methylene chlonde (five detections out of 
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36 analyses) followed by acetone (four detemons out of 36 analyses) Both of these compounds 

are common laboratory artlfacts In addltion 1 1 1 tnchloroethane was detected one time out of 44 
analyses at a level of 9 pg/I The MCL for 1,1,1 trichloroethane is 200 pg/l Carbon disulfide was 

detected below the method detection limlt one time out of 36 analyses There IS no MCL for carbon 

disulfide In the bedrock well along Indiana Street (Appenduc B, Table B 2) methylene chlonde 

(seven detections out of 18 analyses) and carbon disulfide (two detections out of 18 analyses) were 

detected The maximum values detected were 24 pg/l and 3 pg/l respectively Methylene chloride 

IS also a common laboratory artlfact 

Appenduc B Table B 3  summartzes all the nondetected parameters in groundwater for both the 

alluvial and bedrock wells The number of times the analyses were performed is also presented 

Because the volatile compounds are not frequently detected and occur in such low levels VOAs will 

not be analyzed in the proposed groundwater monltoring wells 

6 2 2 1 2 Semivolatiles-Case 1 The semivolatile analyses fall into Case 1 No semivolatile 

compounds were detected during two sampling events in the alluvial or bedrock wells located along 

Indiana Street Very few semwolatiles were detected in OU 1 (one detection out of 141 analyses) 
and OU 2 (three detections out of 517 analyses) Therefore analysis of semivolatile COmpounds IS 

not necessary in OU 3 

6 2 2 1 3 Pesticides/PCBs-Case 1 PestcidespCBs were not detected during two sampling 

events in the wells along Indiana Street In OU 1 there were no detections of pesticides or PCBs 

out of 121 analyses and for OU 2 there was one detection out of 401 analyses There is no record 

of disposal of pesticides and PCBs at OUs 1 and 2 Because of the low and infrequent occurrences 

of pesticides and PCBs in the groundwater at OUs 1 and 2 and because they were not detected in 

the groundwater wells along Indiana Street analysis of pesticidesPCBs is not necessary in the 

groundwater wells for OU 3 

6 2 2 1 4 Radlonuclides-Case 2 The radionuclides fall into Case 2 Radionuclide actwrty in 

alluvial and bedrock groundwater was detected for plutonium 238+239+240 radium 226+228 

DENJFLATSI 5/005 51 OU 3 FinaVl246-91 



sttoMlum 90 and tritium in low levels (Appendtx B, Tables B-1 and B-2) All act'lvitres for thesat 

tsotopes were below MCLs Gross alpha and beta were detected in levels abcm the MCL for 
several OQ the analyses Because plutonium 239+240, amenaum 241, and uranium 233+234,235, 

238, have been identified as ate-wtde contaminants of concern, these r a d i i i  will be analyzed 

tn the grounchnrater at OU 3 In addaion, gross alpha and beta ena)yses will be performed 

6 2 2 1 5  Inorg.nldMaWa-Cam2 MetalanalysegfallintoCase2 Metalswmdetectedm 

groundwaterwith some exmedames of MCLs. Aluminum, barium, won, manganese, strwhum, and 

am were detected in more than 10 ofthe analyses (out of28analyses), wtththree ofthe metals 

exceeding MCLs (Appendm 8, Table 51) for the wells Other metals wen detected less 
frequently and were below MCLs for groundwater In the bedrock well, alummum, banurn, irOn, 

manganese, nickel, patassrum, selemum and strontium were detected more than 10 times out of 

18analysea. Some ofthe metal analyssare above MCLs In eduahng groundwater quakty, 

estaMlshtng background IS impoitant Background condnlolls are evaluated in the Background 

oeochermcal Charactematton Report for 1989 (EG&G 19901) The prknaty pathway for metats 

migrating to groundwater at OU3 1s through the surface water and 8Bdunents as described in 

Subsemon 6221 If metals are determined to be a pfublem in surface water or sediments at 
OU 3, metals wll be added to the analyte Itst 

62.2.2 Surface Water 

samples from the three sutface water locabons along l n d i i  street were analyzed for VolatIk, 

semlvolattles, peshcides/PCBs, of mdmuclides, and inorganic paramaws from 1987 to 1990 

6.2.2.2.1 VOA-Caw 2. The volatile analyses for surface water fall into Case 2 Secteen vdatile 

compounds were detected in low lenrels and infrequently (Appendx B, Table B-4) Thirteen of the 
compounds were detected less than five bmes out af approxhnately 1OOanaiyses Methylene 

chloridewasdetectedtha mostfrequentlywithfiveoccurrences, however methylene chtonde IS a 
common laboratory contarrunant Toluene was detected 8 (maxnnum value of 6 pg/l) times but in 

levels stgnikantty h e r  than the MCL of 2,420 pg/l None of the spunous detectiorW occur above 
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the MCLs Appendix B Table 8-5 summarizes all the parameters that were not detected in the 

surface water samples As described in the fate and transport Section volatile COtnpoUnds readily 

undergo volatilrzation so rt IS unlikely volatiles would be detected at signfficant levels The Standley 

Lake and Great Western Reservoir are sampled monthly and analyzed for volatile compounds The 

crties of Westminster Thornton and Northglenn have eliminated VOAs from their Sampling program 

as of January 1991 because there have been no detections Since Mower Reservoir has not been 

sampled for volatiles, VOAs will be collected in Mower Reservoir No VOA analyses will be 

performed at Standley Lake and Great Western Reservoir 

6 2 2 2 2  Semivolatiles-Case 1 and 2 No acid extractable compounds were detected Out of 

29 analyses in the surface water samples located along Indiana Street There has also been no 

historical release of acid extractables at the site 

Four low detections of base/neutral compounds were detected in the surface water samples 

(AppendM B Table B4) out of 29analyses Bis(2ethylhexyl) phthalate (lodetections out of 

29 analyses) and Di n octyl phthalate (2 detections out of 29 detections) were the only compounds 

detected more than once The maximum level detected for Bis(2-ethylhevyl)phthalate was 19 pgA, 

well below the MCL of 15 OOO pg/l DI n-octyl-phthalate was detected twice wrth the maximum lW0l 

of 3 pg/l There is no MCL for Di-n-octyl-phthalate In addrtion at OU 2 there were Only three 

detections of base/neutral extractables out of 3,240 analyses Therefore, semivolatiles analyses are 

not necessary for the surface water samples collected for OU 3 

6 2 2 2 3 Pestlcides/PCBs-Case 2 No TCL pesticides or PCBs were detected out of 28 analyses 

in the surface water samples However two herbicides were detected Atrazine (eight detections 

out of 18 analyses) and simazine (two detections out of 17 analyses) were detected in low levels 

(Appenduc B Table 84) The maximum value detected of atrazine was 2 pg/l below the MCL of 

3 pg/l At OU 2 there were three 

detections of pesticides/PCBs/herbicides out of 2,368 analyses The three detections from Samples 

at OU 2 were also for atrazine The TCL pesticide and PCB analyses is not necessary for surface 

There is no surface water MCL established for simazine 
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water samples at OU 3 However the hettwides atrazine and simazine vnil be analyzed for in the 

OU 3 surface water samples 

6 2 2 2 4  Radionuclldec-clse 2 Radionuclides were detected low Wels of actnrsty and 

therefore are asslgned Case 2 Plutonium, radum, strontium and tntium were detected m low levels 

(Appendrx 8, Table 84) The aUtwtms . detected are below MCLs for surface water Gross alpha 

and beta were also detected The surface water samples coilected for OU 3 wiU be analyzed for 

plutonium 239+240, americnrm 241, uranium 233+234 235,238 gross alpha and beta since these 

areslte-WKieradKKIudldesofconcem 

6.2.2.25 Inorgan Icu-C~W 2 Metab were detected in the sufface water samples along Indiana 

Street and therefore are ssslgned to Case 2 Zinc, iron, -, lead lnhnrm strontium and 

aluminum were detected more than 10 t~mes out of appmumateIy 8Oanalyses (Appendii8, 

Table B4) Arsenc beryllium, mercury, selenium, tm, vanadium and silver were detected five times 

or less out ofapproxrmately 80 analyses m the surface water Several ofthe metals exceed MCLs 

for surface water However background water quality conditions are important in mluating metals 

in surface water Metal amiyses wll be perfom\ed on OU 3 samples and data will be compared to 

levels presented in the Background Geochemrcal Characterwbon Report for 1989 (EG&G, 1- 

Sdment samples were located at similar locr#rons as the surface water samples along Indiana 
Street at Walnut Creek and Woman Creek The sediment samples were analyred for VOAs, 

semnrdables, pestade/F+CBs, radlonudKies, and morgam compounds 

6223.1 VOA8-Clre 2 Fwr vdahle compounds were detected out of 11 amlyses in the 
sediments in low levels and ifrequently, and, therefore asstgned Case 2 (Appenda B, Table 8-6) 

Acetone and methylene chlonde were detected five tunes and two bmes respectively, out of 
11 adyses. Thesecompoundsarecommonlaboratolyartifacts Tolueneandl,l,l-mchloroethane 

were detected one bme at levels slgnificantty below the proposed RCRA a m  levels of 
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20 000 mg/kg and 7 000 mg/kg respectwely Volatiles have not been detected in signrficant levels 

in the sediments or surface water samples collected along Indiana Street Since Mower Reservoir 

is the only reservoir not sampled for volatiles VOAs will be performed for Mower Reservoir and nS 

drainages 

I 

6 2 2 3 2 Semivoiatiies-Case 2 SIX semwolatile compounds have been detected in the sediments 

at low levels and infrequently and therefore are assigned Case 2 (Appenduc B, Table B-6) Fwe of 

the semlvolatiles were detected once out of 1 1  analyses Bis(2-ethylhexyl)phthalate was detected 

two times out of 11  analyses but in levels signtficantly less than the proposed RCRA action limn of 

50 000 pg/l Semwolatile analyses will not be necessary in sediments for OU 3 

6 2 2 3 3 PesticidedPCBs-Case 2 One pesticide was detected once in the sediment samples 

out of seven analyses Beta-BHC was detected at 1 5 pg/kg At OU 2 there were no detections out 

of 486 analyses No pesticide/PCB analyses are necessary for sediments at OU 3 

6 2 2 3 4 Radionuciides-Case 2 Low levels of radionuclide actmy have been detected in the 

sediment samples (Appenduc B Table B 6) Gross alpha and beta have been detected at 39 and 

36 pCi/g respectively In adddion plutonium 238+239+240 radium 226+228 strontium 90 and 

tritium have been detected in the sediment samples The sediment samples at OU 3 wll be 

analyzed plutonium 239+240, americium 241 and uranium 233+234 235,238 and gross alpha and 

beta Trdium will also be analyzed in sediment samples collected along Walnut Creek to 

characterize tntium in surface water from an accidental release of trnium in 1973 

6 2 2 3 5 Inorganics-Case 2 Metals have been detected in sediment samples and therefore are 

assigned Case 2 (AppendM B Table B 6) Vanadium aluminum zinc strontium barium lead 

nickel manganese iron copper chromium and arsenic have been detected more than fwe times 

out of 11 analyses in the sediment samples To evaluate metals in sediments establishing 

background levels IS important The metals in sediments will be evaluated based on a statistical 

companson to background levels established in the Background Geochemical Charactelvation 

Report for 1989 (EG&G December 21 1990) Metals will be analyzed in sediments for OU 3 
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6 2 2 4  sdls - 
Soil samples have been collected in the area and analyzed for plutonium, americrum, and beryllium 

by the CDH Beryllium has been analyzed in the 13 sectors sampled by the CDH in 1989 The 
results for beryllium M all sectors are below the method detection limn of 27  pghg In addkm, 
dunng the review af RFP records perfoned for the tustorkal release report, a 1982 study d 
patent~al beryllium contamination m Sous on and swrounding the RFP was paformed Dunng the 

study 243 samples were analyzed for beryllium The ~ I L L S K U I  of the study was that no surficlai 

solls near the RFP were found to have detectable beryllium conmmtions Metals will also not be 

analyzed for in soil samples because no source for a metals release wa the air pathway has been 

tdentified other than the fire whlch breached the exhaust filters of the berylium-maching building 

and wind stnpping of waste water from the solar evaporation ponds. The hstoncal soil sampling for 

beryllium has indcated that beryllium IS below daemon limits and therefore has nat been 

transported -the atr pathwq tothe OU 3 soils The SdareVaporadKKl * pondsarealessplausible 

source of metals for OU 3 As stated previously sod samples at the solar evapombon - pondswillbe 

collected and analyzed for TAL metats during the OU 4 field investgabons If metals are determined 

to be a potential source via resuspension to air and transparted to OU 3 via wnd, additional SOH 

sampling mll be performed and samples mll be analyzed for detected during the OU 4 

'nv- 

The most likely pathway for release dmetalsfrom sources atthe RFP is through surface water and 

sediment transport wa the m a p  dmnages, Walnut Creek and Woman Creek Metal analyses w l  

be performed in surface water and sedunent samples 

sol1 samples have not been anatyzed for volatiles, semnrdahleg, pestlcldeS/pCB~ or other 

inorganics u1 the area. Because 05 the high potenml for volatilaation of VOAs, t is unlikely VOAs 

have mQmted far in solls (Ssctron 25 1 l), therefore, no VOA analyses wll be performed for the sdl 
samples Semwolabbs have not been detected in sgnificant levels in the groundwater, surface 
water, and sediments at OU 1 and 2 or along Indiana Street, therefore semrvdatile analysesvlnll not 
be performed at OU 3 Pestiades and PCBs have also not been cktectedfrequently at OU 1 and 2 
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and have not been detected at signrftcant levels in the groundwater surface water and sediments 

along Indiana Street therefore pesticides and PCBs will not be analyzed in the soils 

Based on the rationale described soil samples will be analyzed for plutonium americium and 

uranium 

6 3 FIELD SAMPLING PROGRAM 

This subsection describes the OU 3 RFI/RI field sampling program by media The sampling plan 

associated wrth the environmental evaluation is presented in Section 8 0  As part of the field 

sampling program the data from the sitewide monnoring program and other OU investtgations will 

be used as appropriate to add to data collected during the OU 3 investigation as previously 

discussed A number of SOPs will be used dunng the investigation The SOPs are crted in thls 

Section and discussed further in Section 11 0 of this work plan 

6 3 1 Statistical Approach to Field Sampling Program 

Histoncal data from sediment sampling along Indiana Street, Great Western Reservoir and Standley 

Lake were reviewed to estimate the number of samples required There exists a statistical 

relationship between confidence levels powers, minimum detectable drfference, caefficients of 
vanation and sample sEes The Guidance for Data Useability to Risk Assessment (EPA 199Ob) 

defines these condnions as 

0 Confidence IevetlOO minus the confrdence level is the percent probabilrty of taking 

action when no action is required (Type I error or false posnwe) 

e Power-100 minus the power IS the percent probability of not taking action when 

action is required (Type I1 error or false negatwe) 
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0 Minimum Detectable Relative Difference-percent difference required between Sne 

and background concentratton levels before the difference can be detected 

0 Coefficrent of Varlatfon ( C w e  standard devhbon divided by the mean 

The CV can be esbmated from hstoncai data. The confidence level and m m u m  detectable 

relative drfference can then be defined and a curve ofthe puuver, varying by sample size, can be 

devdoped A p e r  cuwe can be used to calculate the number ad samples needed to obtam a 

specific power Hmorjcal data from several sources were used to generate power curves and 

-mate appropnate sampie sizesfor OU 3 sampling actMbes 

The histormi data that were reviewed for estmmng sample size for the sediments in the dmnages 

were the sediment samples collected along Indiana Streel at Woman Creek and Mower Ditch. For 
the resemim sediment data collected from Great Westem Resenroir and Standley Lake in 1983 

and 1984 were revbed (Rockwell, 1985c and 1984) For the surlaai soils, hstorkal data from 

east of the buffer zone were reviewed Power curves that vary by sample size were calculated and 

pbttedforeach of these data sets ThefolMng statisbcs were cakukted for each data set based 
on plutonium 239/240 data. 

0 Mean 

0 StandarddevIaKm 

0 coefficient of vanatm (i 8 , standard devmon/mean) 

The power curves were generated by setting a confideme of 80 percent and minimum detectable 
relative dtfference af 2Opercent. The percent power then vanes with the number of samples 

collected The Gu~dance for Data Useability in Risk Assessment @PA, 199Ob) recommends a power 

of90 percent and aconfidence of80 percent for nsk assesment purposes Theevaluattons based 

on limited hs€oncai dataforthe sediment drainages do nat meantha? the new data collected from 

OU 3 will necessaniy meet a 90 percent power When analytical results are close, or less than 
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minimum it is drfficult to achieve a lower coefficient of vanation because results are actually 

measuring the vanabilty of the analytical methods and sampling techniques and not actual 

contaminant concentrations The program at OU 3 is stnving for low CVs and powers of 90 percent 

but these goals may not be achievable because plutonium concentrations in some of the medm 

have been detected at levels less than or close to, minimum detectable actnfw 

Historical data for surface water and air data fall into this category which is less than or close to the 

minimum detectable actlvw 

As descnbed in Section 2 0, the conceptual models for OU 3 have identlfied the soils and sediments 

as the pnmary sources for potential contaminant migration on OU 3 Therefore, the statistical 

discussions focus on these two media It is important to note however, that each pathway identfied 
in the conceptual models presented in Section 2 0 is addressed in the field sampling programs 

presented in Subsection 6 2 and in Section 8 0 (field sampling program for the environmental 
evaluation) 

6 3 1 1 Sediment Drainage Evaluation 

Histoncal sediment data were available for sediments along Indiana Street at Woman Creek 

drainage and Mower Ditch There is only one sample location at each dramage, but several Sample 

events are available at each location Historical Sediment data were not available for sediments 

along Walnut Creek at Indiana Street The CV for Walnut Creek was estimated to be the same as 
the Mower Dltch CV (the higher CV between the two dranages) Histoncal data at Woman Creek 

and Mower Ditch showed CVs of 25 and 30 percent respectwely 

The power curves generated for Woman Creek Mower DRch and Walnut Creek are presented in 
Appenduc C To achieve a 90 percent power 10 samples are estimated for Walnut Creek and Mower 

Ditch and eight samples are estimated for Woman Creek 
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In the OU 3 sample program for sediment dmnages 10 samples in the Walnut Creek dmnage basm 

area will be collected At Mower Reservoir, five samples along the Mower ditch will be collected and 

five near-shore sediment samples mll be collected, for a total o f  10 samples Because Mower 

Reservorr ISM solely by the Mower DRch, grwpng the drarnage sediment8 wth the near- 
sediments IS ressonaMe Ten sampleswill be cdlected in the Woman Creek drainage The spedfic 

sample locabom and sampling procedures for the dmnage sediment sampling are discussed m 
Subsecbon633 

In 1983and 1984, sedimentstudiiwere performed ~1 bath Greet Westm Regenrdr and standley 

Lake(Rockwell1985cand1984) AtGreatWestemResenroK,43randomsecJunentsampleswere 

collected. FIRY-SIX sampkswere collected at Standley Lake The mean, standard dewation, and CV 

were calculated and power curves were generated for bath data sets. 

Power cucves for the data Ws are presented m AppendixC To actueve an 80percent power, 
62 samples are esbmatedfor Great Western Reservotr InStandley Lake, 56 samples are estimated 

to achmve an =percent power To achlevethese power levels, samples will be collected from 

each reservoir in an attmpttovenfythe historical data 

At Great Western Reservou; five TesBIvoIr sed~ment sampies will be collected at locatws similar to 

1983 data, the43sediment sampleswdl be used inthe evaluaionstotry to achieve a power of 

along Great Western Reservoir Thimll rncreasethe sample SIze to @samples to stnve for a 

wheresampleswerecoHectedmthe1983study tftheconcerarations * arelessthanorequaltothe 

8operCem An a d d m  15samples~iIl ~~cdlectedfKmrthee#posed shoreline sediments 

poweraf~percent .  

At Standley Lake, six grab samples wll be collected in an eretemp to verify the 1984 sampling If the 

concentrabons obsenred are less than or equal tothe 1984 then the 52 sampkswill be used 

in evaiuatKKIs to try to achreve a power of 80 percent. An addnonail5 samples will be cdleaed 
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from the shoreline sediments around Standley Lake 

77 samples This corresponds to a power of 88 percent based on the histoncal results 

This will increase the sample slze to 

Deta~ls of the sampling program for sediments in reservoirs are presented in Subsection 6 3 3 

6 3 1 3 Surfacial Soils Evaluation 

The histoncal surfacial soil data was evaluated and a power culve was generated The power curve 

is presented in Appendoc C A power of 70 percent will be achieved wth a sample slze of 50, based 

on the hstorical data The sample slze of 50 IS a conservative estimate because each composne 

sample consists of 25 subsamples Ten addltional soil samples will also be collected at more dMal 

areas to provide a sample slze of 60 Fdty SIX soil samples collected on the remedy acreage in 
January 1991 from both tilled and umlled Jefferson County acreage may also be included in the 

surficial soil evaluations The soil results have a high coefficient of vanation, making rt drfficult to 

achieve a power of 90 percent 

Deta~uls of the sampling program for soils are presented in Subsection 6 3 2 

6 3 2  Soil 

The purpose of the soil sampling program is to charactenze the vertical and lateral extent of 

plutonium americium and uranium contamination in OU3 Because of the prevading wmd 

condrtlons and results from previous investigations, the OU 3 areas with the highest plutonium 

concentrations are believed to be east of the Rocky Fiats buffer zone boundary east of Indiana 

Street 

6 3 2 1 Soil Profile Sampling 

Two soil sampling actnrrties will be performed The first actnrrty IS soil profile sampling The purpose 
of the profile sampling is to charactenze vertical plutonium americium and uranium concentrations 
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in the soits Sampling locabom were selected by revlewing historical aerial phatographs and 
conducting a ate reconmssance to ldenMy undisturbed areas, The undwurbed areas have the 

htghest patental for aocumulatKwr of contam- Eleven profile samples WIN be collected from 

undisturbedareasldentffiedfromthe photosasshownon Fgure6-3 

A descnplon ofthe type of land use and vegetabon CoYBc at each sample kxatbn will be included 

in the field notebooks V e W  procile sampleswll be collected fdlowing the method used at OUs 1 

to the folhwng sampk scheme 

and2 T h i s m e t h O d ~ o f ~ W ~ 1 1  samplesatvanousdepthsateachlocation~ng 

0 The upper 12 cm wiH be sampled in 3 cm mtenrais at 0,3,6 ,9 ,  and 12 cm 
The next 1 2 c m  will be sampled in 6 cm Kltervals at 18 and 24 cm 

The deepest 48 cm wdl be sampled in 24 cm intervals at 72 and 96 cm 

0 

e The next24 cm wll be sampled in 12 cm intervals at 36 and 48 cm 
0 

The Samples wll be collected by dlgging a trench wfth a backhoe or shovel 1 Sneter long, 

1 0-meter W, and 1 o-meter deep One wall of the trench will be dug as a Wstamase with 

each s m r  step berng 15 cm in height. The star-steip wall helps minimize cross contamination of 

solis uwth depth The vegetation at the surface of the selected wall will be cropped closely to the 

surface and dwcarded Thesoilwll be sampled attheappropnate Hltenral starbng at the deepest 

MOcWstaw in a g m n  pn The soil morphdogy and sampling of test pm will be performed according 

to the SOP addenda presented in SeCtKM 11 0 sdi samples will be COHected using a stainless 

steel scoop and template (3 cm x 20 cm), which mll be pressed into the wall of the Moc~StarcaSe 

Three samplesfrom each depth WII bs cornposited to p d  a r n ~  representation of the site 

After a sample has been collected SOB layers below it wlt be cleared of sloughed marenal to 

prevent possiMe contarmnahon from the upper sod layers A flag wdl be placed on the ground 
surface ofa gnren pn, and thedepth below surface for each sample will be megsuredfrom the base 

of the flag Each pa wll be backfilled with the onginal sod mlxture removed dunng the ex~at ion 
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The samples will be analyzed for plutonium amencium and uranium Ten percent of the samples 

will also be analyzed for total organic carbon (TOC) bulk densty and grain sue Information 

regarding sample analysis and field quality control samples is summanzed in Subsections 6 4 and 

6 5 of this document respectively 

6 3 2 2 Surface Soil Survey 

The second soil sampling activlty is to perform a surface soil survey using a grid The purpose of 

this sampling actmy is to delineate the lateral extent of plutonium amencium, and uranium 

contamination in OU 3 and to confirm previous soil investigations Numerous soil samples were 

collected and analyzed for plutonium in surficial soils east of Indiana Street dunng past 

investigations Most of these analyses were performed during 1971 and from 1975 to 1978 These 

past sampling events can be used to predict the spatial dependency of plutonium in the soils 

located in OU 3 The existing data have been used to construct a semwanogram to aid in 
designing an optimal sampling strategy for soils east of Indiana Street 

Kriging can be used to make spatial distribution (contour) maps Unlike conventional contouflng 

subroutines knging uses certam statistical optimal properties and provides measures of the error of 

the contoured surface Kriging uses the information from the semivariogram to find an optimal set 
of weights that are used In the estimation of the surface at unsampled locations The 

semwariogram describes the rate of change in a regionalized variable and measures the degree of 

spatial dependence between samples wdhin geographical boundaries The variogram spllts the 

total vanance in a data set into two parts The first represents the spatial differences between the 

values of the samples taken at points separated by increasingly large distances whereas the 
second represents local or short-range variances The latter is called the nugget vanance which 

represents random vanance Because the semivariogram is a function of distance the Weights 

change according to the geographical arrangements of the samples (Isaaks and Sfrastava, 1989) 
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Based on thls geostatlstlcal approsch that uses the reglonaltred vanable theoty and the mi- 
vanogm, a means of describing spabal variation m soils has been developed This approach 

prudes the mawmum sample sepamon distance for optimal soil sampling in OU3. The 

geostasiStlcal analysswasperformed by EG&G and Issummarized in Appendii Ddthisdocummt. 

The soil plutonium CO11OBntTBtKWls east of lndlana Street were knged usmg an exponential model 

Plutonium hrgher than the recommended CDH special COIWtNCt/On requiremerrts 

aandard d 09pCVg were obsenred only near the eastern bourn of the RFP The 

concentrationsdpbtonm decreased rapldlywith distance By using amaximum acceptable error 
of041 pC4g whlch seems msonatb based on the CDH standard, an equwalent kt i g i i  vanarm 

of 0168was used in prediing ofmrnal sample spacing Based on ttns Variance an optimal 

sampling mtenral of 1,750 was calculated 

These cakulatms were based on the RFP soll-samphng technique where five suhsamples were 

Collectedfromthe comers and the center dwo l-m squares, whkh were 1 m apart. Sutfacral solC 

samplmg for plutonium in soils at OU 3 wll follow the procedwe remmm&d by CDH This 

method aHowsfor the top 1/4n of sol1 to be sampled The top 1 / M  of a l  can most easily be 

dspersed byunnd and potentidy W t o  inhalabon, direct contact and ingestm by people This 

soikmpling technique t e c o m m  the colleaion o f  258ubsampiea from a 1O-ac plot within a 

specified parcel of land to yield asingle cornposh sample Thesamplrng locabonsshould be m e  

or less evenly spaced withlnthe area. The dlfferencem area between the RFP sol1 sampling and 
the CDH samplmg tedMiques introducegsomeuncerta 'nty m the op6mal spang calculatlor#;. 

Themb-8, the optimal spaung will be reduced from 1,750 to 1,OoO m 

As stated in SubsectKm 21 42, attempts were made by Krey and Hardy (1970) and Dow Chermcal 

@OW, 1971) to establish plutonium amtours sumunding the RFP A grid apprOXimately 3 by 5 mi 

located east dthe RFP boundary has been o v e M  on the Krey and Hardy mapshcwng plutonkrm 

contours m the viunity o f  the RFP The gnd encompasses the thme IHSS resenrdrs (Great 
Western, Mower, and Standley Lake) and most areas within the 10- (approwmapely 
1 pCVgm) contour developed by Krey and Hardy The grid also extends north and sauth ofthe RFP 
buFfer zone Approxtmatety fifty 1- plots wdl be sampled within the gnd (Figure 6-4) 



EG&G ROCKY FIATS PLANT 
RFYRl Work Plan for OU 3 

Category Final 

Manual 

Section 
Revision 
Page 
Efiective Date 
Oraannatton 

6 
1 

35 of 70 

RPD 

The grid does not encompass areas located to the west of the 903 Pad (source of plutonium and 

arnencium contamination for OU 3) because previous studies indicate that prevailing wind conditions 

and dispersion are to the northeast, east and southeast of the RFP In addaion, sampling has been 

performed for Western Aggregates on approximately 478 ac of land located on the Rocky Flats West 

Buffer Zone The samples were collected using the CDH soil sampling method and were analyzed 

for plutonium isotopes 238 and 239/240 Plutonium 238 values ranged from not detected to 

0 550 pCi/g Plutonium 239/240 results ranged from not detected to 0 695 pCdg (westem 

Aggregates 1991) These results are all below the 0 9 pCdg CDH standard for plutonium 

Sampling results and locations are included in Appendlx E 

The samples will be collected using the CDH soil-sampling method that is described in the SOP 

No 3 8 Subsection 5 2 1 A sample will be composaed from 25 samples evenly spaced within a 

10 acre plot and each plot wlll be spaced 1,000 meters apart In areas where sampling the plot IS 

not feasible-such as in parking lots and reservoirs-the location will be shifted to a more appropriate 

location rf possible Otherwise no sample will be collected for that location Plutonium 239/240 

americium 241 uranium 233/234 235 238 will be analyzed for all samples In 10 percent of the 

grids a grab sample will also be collected and analyzed for TOC bulk densrty and grain SIze to 

assess fate and transport properties of the surficial soils 

In addaion to the soil samples collected within the grid ten samples will be collected in locations 

between the 10 microcurie per square kilometers (mCi/km2) (approximately 1 pCdg) and 3 mCdkm2 

(approximately 0 3  pCi/g) contours of the Krey and Hardy map (Figure 64) This area is more 

developed than the area within the gnd These samples will be collected to characterlze plutonium, 

arnencium and uranium concentrations at more distal points from the RFP These samples will also 

be analyzed for plutonium americium and uranium 
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The sediment sampling actiwhes proposed for OU 3 consst of sampling drainages, resewars, and 

near-shore sediments Drainages are a paternal pathway for affsite m g m n  Exposed sediments, 

in turn, are a potential pathway of dlspetslon of contaminants by mnd 

6331 SedlmentSampkminDitchea 

TO characterne the extent of contamination in dranage diihes, the following sediment samples WHI 

be collected (see Flgure 645) 

0 Seven sediment samples above and below Great Western Rerrervolr along Walnrrt 

Creek Dmnages 

0 Two samples along Broomfield Dwerslon Ditch 

0 Seven samples above Standley Lake along Woman Creek Drainages 

0 Two samples along Church Ditch 

0 Two samples along unnamed drainages east of indma Street 

0 One sample near the inlet of Clear Creek Ditch 

0 Two samples along Smart mch 

0 One sample along Si Dry Creek below standley Lake 
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A total of 29 sediment samples are proposed for the sediment dramage investigation Three 

sediment sampling locations (SED 001, SED 002 and SED 003) are part of the annual monnmng 

program at the RFP and will be used to represent upgradient sediment locatms along Walnut and 

Woman Creeks and above Mower Reservoir (Figure 6-5) Previous investigatlons have focused on 

sediment samples in the reservoirs rather than in the drainages Samples assocnted wlth the 

drainages of each reservoir were estimated based on the statistical approach discussed in 
Subsection 6 3 1 Ten sediment samples will be collected in the Walnut Creek Drainage (seven 

along Walnut Creek two along Broomfield Dnch and one at Church Dnch near Great western 

Reservoir Fwe drainage samples will be collected along Mower Dnch (an addnional five shoreline 

sediment samples will also be collected for a total of 10 samples at Mower Reservoir) Ten samples 

will be collected in the Woman Creek drainage (seven along Woman Creek one along Big Dry 

Creek and two along Smart Dnch) The other sediment samples will be collected for sne 
charactemation 

The dramage sediment samples will be collected similar to the methods proposed in OUs 5 and 6 in 
areas where sediments have accumulated m e  sample at each location will consist of a 2ft 

composrte sample taken to the depth of the first gravel layer below the sediment If the sediment is 

thicker than 2 ft a second composrte sample will be collected from 2 to 4 ft All sediment samples 

will be collected according to SOP No 4 6  Sediment samples will also be geologically logged 

according to SOP No 31 These samples will be anwed for plutonium amencium uranium, 

gross alpha, gross beta and TAL metals The sediment samples along Mower Drtch will also be 

analyzed for TCL volatiles The sediment samples along Walnut Creek will also be analyzed for 

tritium to characterize the potential release of tritium to sediments from the 197’3 accidental tritium 

release to Walnut Creek Ten percent of the sediment samples will also be analyzed for TOC bulk 

denslty and gram slze to assess fate and transport 
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6.332 S6dimentsunpkr In Ro8ervolrs 

6332.1 W-R...nroirsunpk.. The nearshore reaenrdr S e d m  samples will be 

-ed to chaaczerlzeseckmentsthat potenbally may be eoqxwed during low mselvolr capacny 
The exposed 88dunents may be dispersed by wnd, whrch patentially leads to inhalath, dermal 

contad, and by people Previous sampling activities for sediments have not been focused 
along the shoreline afthe Tes8cvolrs. 

Samples vvlll be collected in exposed sediments around each T~SBNOIC Fifteen samples will be 

collected around both Great Westem Resenrolr and Standby Lake Fivesamples will be colleded 
aroundMowerReservoir Thestatisticalrationale for the numberrr of samples was presented in 

Subsection 631 Sample cdlectkn will occur when the resenrOir is anticipated to be at aS lawest 

capauiy and wiH be determmdfrun hetoncal storage recordsfor Great Western Regervoir and 

Standley Lake Flgure 6-5 presmts the near-shom sediment sample locations. 

The nearshore 88dltnent samples unll be grab samples cdlected with a dredge S m W r  

Procedures descrsbed in SOP No 4 6 wdl be fotkwd. The samples vvlll be anatyzed for plutonium, 

atneriuum, uranium, gross alpha and beta, and TAL metals The near-shore sediment samples 
around Mower Reservoir mil also be analyzed for TCLvolatdes Ten percent dthe samples will be 
analyzed for TOC bulk density and grain size 

s e d i  ' rates fnrm the near- areas have been estimated to be less than 01 wear 
(Hlstoncal I- - summary , Ba;tteue, 1SSla) Therefore to obtain a wmal profile of 

cmmtmom of plutotuum, americium, and uranium with depth from seditmm thatmay- 

accumulated from 1950 to plc#ient, a4-in sediment core is necessary One near- VeRiCal 

profile sediment sample from each tesenrolrwll be collected m addffion tothe grab samples 

ou 3 Finav120691 DENIFLATS15/01351 
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previously discussed using a stainless steel core sampler so that vertical profile sediments may be 

obtained The core sampler will be manually pushed into the sediment using a rod and handle 
The cores will be pushed in a minimum of 6 in d possible Oneinch sample intervals will then be 

collected and sent to the laboratory for plutonium amencium and uranium analyses Ths will 

provide information on how plutonium, amencium and uranium concentrations, d any change wfih 

depth 

63322 Reservoir Sediment Samples Sediment samples mll also be collected from the 

reservoirs Sediment reservoir samples have been collected dunng previous investigations in both 

Standley Lake and Great Western reservoirs and analyzed for plutonium Two types of Sediment 

samples in the reservoir will be collected, one type mll be vertical profile samples and the other will 

be grab sediment samples Three vertical profile sediment samples will be collected for Great 
Western and Mower Reservars, and four will be collected in Standley Lake (10 total profiles) One 

sample from each reservoir will be located in the deepest portion of the reservoir, where historical 

information on accumulation of plutonium, amencium and uranium will be obmned The other 

vertical profile reservoir sediment samples will be collected in reservoir bays (see Figure 6-5) 

Sedimentation rates for the eastern end of Great Western Reservoir range from 0 82 to 1 45 in per 

year and, in the center of the reservoir from about 0 1 to 0 46 in per year (Battelle 1981) Using an 

average sedimentation rate of 1 in per year, a core of approximately 30 in would be required to 

represent sedimentation since 1960 A gravrty core sampler will be used to collect the reservoir 

vertical profile sediment samples Depending on the densrty of the substrate and weight of the 

cores penetration rates of 30 in can be attained Vertical profile samples will be collected from the 

core and analyzed for plutonium amencium and uranium The top 6 in, which is likely to get 

compacted will be the first interval sample From 6 in to the bottom of the core, 2 in interval 

samples will be collected and analyzed for plutonium amencium and uranium If core recoveries 

are low field personnel will select appropnate sample intervals 

In addltion to the vertical profile samples grab sediment samples will be collected A total of 

16 samples wll be collected to charactewe the potential radionuclide contaminatlon in the reservoir 
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sediments (five samples at Great Westem Reservoir, five at Mawer Reservolr,and SIX at Standley 

Lake) The samples at Great Western Reservoir and Standley Lake will be taken near historical 

locabons so a comparison between the data sets can be made (see Subsectm631) 
Approximate grab sample locaaions are shown in Figure 6-5 The gravity core sampler will be used 
for sample Cdktm, but the core recovered will be composited into one sampie and analyzed for 

plutonium, amenclum, uranium, gross alpha and beta, and TAL metads. Reservoir sediment sampks 

in Mower Reservoir Vnll also be analyzed forTCLvoIable9 Ten percent ofthe grab sampleswill also 

be analyzed for TOC, bulk density, and gmn sne The procedures for sampling wll generally follow 

SOPNO 4 6  V~~totheSOPsaredescnbedinSection11Oobthwworkplan 

6 3.4 Surhce Water 

The surface water program for the OU 3 RFI/RI IS deslgned to characterize plutonium, amendUm, 

uranium, and TAL metals in surface water To accomplish this goal, surface water samples witl be 
cdleaed at locations in Great Westem Resewdr, Mower Resenrolr, and Standley Lake The 

program is also desylned to evaluate past immtgaWm at the msenmirs. Great Westem Resenrdr 

and standlgc Lake are routmly monitored by CDH the cams of BroomfieM, Westminster, Thomton, 

and Northglenn Thefefore, an extenwe surface water monitoring program is not required Results 

from these monRonng actwims will be lnoorporated Into the quamitaw baselinen8kassegsmerrt 

6 3 4 1 Surhce Water D r m  . 

The sum water dratnage ~nveagam WIN focus on the m n g  monstonng StatKKlSalong Indiana 

street(sw0ol s w o o e , a n d s w ~ )  Theselocrnronsrepf~theareadiwhere- 

mmng OU 3 would likely be the highest levels The monitoring statms along lndlana Street ac8 

sampled quarterly for volatlles, semnrdatrles, radmudii including tntium, metals, and pestcidea 
and PCBs In addltron to the monnonng along lndlana street, several uther surface drainage 

locat~ons will be sampled (Figure 6-6) One surface water sample wll be collected in the Broomdield 

DNerruon dltch 

along Woman Creek and along SmaR Ostch near the RFP boundary (see Fgwe 6-6) sampleswill 

one swfBc8 water sample Will also be collected near the nlet to stand&y Lake 
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also be collected at Walnut Creek below Great Western Reservoir and along Big Dry Creek for Me 

characterlzation and aquatic evaluations (see Section 8 0) Two samples will be collected along 

Church Drtch The Church Ditch sample located near Great Western Reservoir will help characterze 

contaminants that may be entering the drtch through surface runoff from OU 3 One Sample will 

also be collected along Clear Creek Irrigation Drtch for srte characterization Samples w~ll be 

collected and analyzed for plutonium, americium uranium gross alpha and beta, TAL metals 

cations and anions dissolved oxygen pH, and speclfic conductance As discussed in 

Subsection 6 2 surface water samples will also be analyzed for atrazine and simazine Surface 

water samples will be collected once for srte charactemation Field reconnarssance visrts have 

indicated only intermlttent flow occurs in the natural drainages Therefore, sampling will occur 

during spring runoff Approximate surface water locations are presented in Figure 6-6 

6 3 4 2  Reservoirs 

Five locations at each reservoir will be sampled to supplement and verw the existing data Samples 

will be collected in reservoir bays and from the deepest part of the reservoir near the same location 

as the sediment samples (see Figure 66) Samples at each location will be collected at the near 

surface the middle of the water column and at the water/sediment interface and then composrted 

Stratmcation of the water, if present will be identrfied through temperature dissolved oxygen and pH 

measurements taken according to SOP No 4 8  General surface water Sampling PrOcedUreS 

described in SOP No 4 3 will be followed Modifications to the SOP are described in Section 11 0 

of this work plan 

All surface water samples will be analyzed for plutonium americium uranium gross alpha and beta, 

TAL metals atrazine simazine cations/anions DO pH and specrfic conductance Samples from 

Mower Reservoir will also be analyzed for TCL volatiles since Mower Reservoir has not previously 

been sampled for volatiles unlike Great Western Reservoir and Standley Lake Samples will be 

collected twice, once dunng high capacity and once during low capacity to identlfy changes in 
concentration because of reservoir condrtions High and low capacrties will be identfied based on 
historical capacity of reservoirs 
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6 3 5  Groundwater 

A limited groundwater Wd mvemgabon WIN be pe&mned at OU 3 Currently, 14 wells in the 

eastem buffer zone are sampled on a quarterly basis as part of the RFP srte mronmental 

monnoring program The 

groundwater monltorsng wells are analyzed for total dlssohred SOWS, anions, CLP target compounds 
(volat~les and s e m m ) ,  oil and grease, metals, and radiiuckdes. These wells are located 

upgradmt of OU 3, but downgradient ofthe RFP source areas The results to date from the RFP 

Four of these wells are located along lndfana Street (Fiiure6-7) 

boundary wells have no9 detected contaminants (Histonca' InfOrmatKHl - summary and Preliminary 

Health Rlsk Assessment DOE, 1991b) Therefore, no contammants are believed to be leavlng the 

RFP through the groundwater pathway Data from the buffer zone wells will continue to be revieANed 

quarterly dunng the implementaton of the OU 3 work to identdy if contaminants are deteded in 

these wells If contaminants are detected, an expanded groundwater field iw-m mU be 

-v-Ped 

The purpose ofthe groundwater lnveszlgEaion IS to obtain sit- hydrogeolosy in theviclnlty aC 

Great Western Reservolr and standlgr Lake and to assess impacts on groundwater from pat- 

contammation that has been dispersed offsite to OU3 thraugh the drainages and resenroks 

Groundwater sampling win also identify potential contamination m the groundwater from sechment/ 
groundwater interact~~ns and surface water/groundwater interadions, If present 

Two groundwater monitoring wells mll be located downgradlent of bath Great Western Reservow 

and Stand4 Lake One wei  will be installed and completed in the unconfined alluvial system and 

one well mU be completed in the confined Ampahoe formatm - atbathlocaths The shallaw 

allmum wells mll be drilled according to SOP No 3 2, logged according to SOP NO 3 1, installed 

according to SOP No 36, and developed according to SOP No 2 2  The a l l d  we#s am 

esbmated to be approximately 20 to 30 ft deep 
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Two bedrock wells will be drilled to the Arapahoe Formation, which will monnor the first water 

producing sand encountered at Great Western Reservoir and Standley Lake If subcropping 

sandstone is encountered drilling will continue until confined sandstone is found to a maximum 

depth of 200 ft The bedrock wells will be dnlled according to SOP No 3 6 logged according to 

SOP No 3 1 and installed according to SOP No 22 In addnion, the procedures descnbed in SOP 

No 3 3 for isolating the bedrock from the alluvium will be followed The purpose of the Arapahoe 

wells is to obtain informatlon on the interaction between the alluvial system and the deeper confined 

system In addnion, the wells will help assess the presence or absence of plutonium ameriaum, 

uranium and gross alpha and beta in the deeper groundwater system If contamination is found in 

the groundwater monltoring wells, an addtional investigation will be necessary 

After well installation, all wells will be developed and sampled, and water level measurements will be 

collected according to SOP Nos 2 1, 2 2 2 5 and 2 6 The wells wll be sampled quarterly for 

1 year and analyzed for plutonium, amencium, uranium and cation/anions Field parameters (pH 

specfic conductance temperature and barometric pressure) will be collected before Sampling The 

second third and fourth quarter samples will be analyzed for plutonium and amencium and other 
compounds detected from the first quarter sampling event Water level measurements will be 

collected on a monthly basis for 1 year to identrfy seasonal fluctuations in groundwater, ri PreSetIt 

Figure 6-6 shows approximate location of the groundwater wells for the hydrogeologic investgation 

636  Air 

The purpose of the air sampling program IS to characterize the potential for dispersion of plutonium 
contaminated sediments and soils Measuring the wind erosion on the banks of the reservoirs and 

on vegetated terrain is difficult therefore a combination of air sampling and a special wnd tunnel 

study has been selected as the method of charactenzation 
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6.3.6.1 WindTunndStudy 

A speaaiwnd tunnel studywll be COndLlctedasan in situ measure of parbcle reguspenslon The 

tunnel wasdevelopedtomgasureparbdematreremissionsfromopenwasteplles. The method IS 

an in-deph technlqlm usedtodin3cuy measure the 8m#IsIoc\ rategderodible materials The basic 

technique is founded on gLHdance provkted in Subgecrion 4 2 H a R a M e  Wind Tunnels (in-depth 

techrWque)-d the AirBuPerfu ndNatt~dTechw#lGuidanceStu<)y Series, Volume 11, Estimates d 
Baseline Aw E m m  at Superfund Sites, EPA450/189-002a, August 1990 

The instrwnent hap an qm-fkwdtestsectron, -is placad direuiy owthe  surtace to be 

measured Air IS drawn through the tea secton at controlled velodties simulabng wnds at any 
gwen height The air stream passesthrough a ductfittedwtth asampbng probe atthe dowmtmm 
end kr IS drawn from this probe tmimacdlly by a h@ volume air sampling The samplerwill be 
fittedwith acyckm precdktorand acascade mpactor 

Three areas have been selected for wnd tunnel tesfs, the shore at Standley Lake the shore st 

Great Western Reservoir, and a vegetaded area d OU 3 Apprasdmately soctests will be conducted 

at each of these study areas to charactme the site Each test comists o f  meggumnents made a 
three predetermined mnd spe%ds 
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Two ultra hi volume air samplers (300 cfm) will be installed at Standley Lake (recreational receptor) 

and one at a srte to be selected to represent a residential receptor close to Standley Lake The 

samplers will be fmed wnh capabilrties to provide particle sizing This sampler will Operate 

continuously for approximately 1 year and the filters will be analyzed for plutonium amencium and 

uranium 

Data from selected Radioactwe Ambient Air Monrtoring Program (RAAMP) samplers located in 
communty locations will be used where applicable, to assess impacts from OU 3 (Figure 6-8) The 

RAAMP consists of 25 onsrte samplers located wrthin the RFP 14 penmeter samplers that border 

the RFP along major highways on the north (Highway 128), east (Indiana Street) south 

(Highway 72) and west (Highway 93) and 14 communlty samplers located in metropolrtan areas 

adjacent to the RFP The samplers operate continuously at a volumetnc flow rate of approximately 

12 lrters per second (Vs) (25 cfm) collecting air particulates on 20 x 25 cm (8 x 10 in) fiberglass 

filters Filters are collected bnveekly from all RFP samplers 

Two meteorological monnonng stations will be installed on OU 3 One system will be located at 
Standley Lake with the ultra hi volume air sampler The second monrtonng srte will be located on 

the open space (Jefferson County or Westminster) Data collected from these stes will be avadable 

and useful for dispersion modeling and nsk assessments 

Detals of the ar  sampling program will be incorporated into an addenda to this work plan and WIN 

be submrtted to EPA and CDH for approval 

6 4 SUMMARY OF FIELD SAMPLING PROGRAM 

A summary of the field sampling program for OU 3 IS presented in Figure 6-9 The approximate 

location for the soil sediment surface water groundwater and air monrtonng stations are shown 

In addrtion some of the locations from other ongoing monrtonng programs that relate to OU 3 are 
also provided 
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6 5  SAMPLEANALYSIS 

T ~ I S  sectm deacnbea the sample handling procedures and amlytid program for samples 

collected dunng the OU3 RFyRl T~IS  secbon dscusses sample designations, anafyticd 
requirements, sample cmtamem and presewation, and sample handling and document at^ 

AU sample deslgnabons generated for- RFm will conform to the input requ#emems of the 
RFEDS Each sample deslgnaticm will conmn a nk'lecharacter sampk, numberconsistrngofatvm- 

letter pmf~~ ldenMyingthe medtasamples (such as, 8B'forsoil borings, =for stream sedlmerrts), 

a unque five-dlgit number, and a twdater sulfix ldentitying the wntractor (such as, CH' for 
CWM HILL) One sample number WH be requred for each sample generated, indudtng W Q C  

samples In this manner, 99,998 unique sample numbers are ava~kble for each contractor that 
wntnbutes sample data to the data base A block of numbers mll be resewed forthe OU 3 RFI/RI 

sampling. Boring numbers will be developed independently of the sample number for a given 
boring Spec& sample locatton numbers will be assigned when the detailed sampling plans are 

*eloped 

Generally all samples from the RFml will be analyzed for plutonium 239/240, amemurn 241, and 

uranium 233/234,235,238 The swface water and sediment samples Wnl also be analyzed -TAL 

metals. Sraface water and sed~ment samples from Mower Resenrolr win be analyzed for TCL 

volatlles 

The spec#icanalytes mthe grwps listed above andthewdetectWquantWm hitsfor water and 

forsorVsedrmem are conta~ned in TaMe 63 Thespecmc OU 3 amlytbl programs are conmned in 
Table 6-4 Both filtered and unfiltered samples for the surface water and groundwater samples will 

be collected and analyzed for radiiuclldes and for sudace water TAL metals 
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TABLE 6-3 

SOIL, SEDIMENT, AND WATER SAMPLING PARAMETERS 
AND THEIR DETECTION LIMITS 

OPERABLE UNIT NO 3 

DETECTION LIMITS' 
Water SoiVSediment 

TARGET ANALYTE UST-METALS ( d o  (mdkg) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 

Cyanide 
Iron 
Lead 
Lahium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

Copper 

200 
60 
10 
200 
5 
5 

5 000 
1 000 

10 
50 
25 
10 
100 
5 

1 00 
5,000 

15 
0 2  
200 
40 

5 000 
5 
10 

5 000 
200 
10 
200 
50 
20 

40 
12 
2 
40 
1 0  
1 0  
2 000 
200 
2 0  
10 
5 0  
10 
20 
1 0  
20 

2,000 
3 0  
0 2  
40 
8 0  
2 000 
1 0  
20 
2 000 
40 
20 
40 

10 0 
4 0  

I 
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TABLE 6-3 

SOIL, SEDIMENT, AND WATER SAMPLING PARAMETERS 
AND THEIR DETECTION UMlTS 

OPERABLE UNIT NO 3 
(Continuw 

TARGET COMPOUNDS UST-VOlATlLES 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Dsutfide 
1,l - D i c h l o r ~  
1 I-Dtchloroethane 
total 1,2,-Dlchloroethene 
Chloroform 
1 2-Dichloroethane 
2-Butanone 
1 1,l -Tnchobroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1 1 2,2-Tetrachloroethane 
1,2-Dtchloroprapane 
trans-1 SDichloropropene 
Tnchloroethene 
Dibromochloromethane 
1 1,a-Tnch- 
Benzene 

BrOmaform 
2-Hexanone 

cls-13-Dlchloropropene 

10 10 
10 10 
10 10 
10 10 
5 5 
10 10 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
10 10 
5 5 
5 5 
10 10 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
10 10 
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TABLE 6 3 

SOIL, SEDIMENT, AND WATER SAMPLING PARAMETERS 
AND THEIR DETECTION LIMITS 

OPERABLE UNIT NO 3 
(Continued) 

QUANTlTATlON LIMITS' 
Water Soil/Sediment 

TARGET COMPOUNDS UST-VOLATILES (Id9 (lam 
(Continued) 

4-Methyl-2 pentanone 10 10 
Tetrachloroethene 5 5 
Toluene 5 5 
Chlorobenzene 5 5 
Ethyl Benzene 5 5 
Styrene 5 5 
Total Xylenes 

HERBICIDES 
Atrazine 
Simazine 

RADIONUCLIDES 

10 
10 

670 

670 

REQUIRED DETECTION LIMITS' 
Water SoWSediment 
(PCi/O ( P W )  

Gross Alpha 2 4 dry 
Gross Beta 4 10 dry 
Uranium 233+234 235 and 238 (each species) 0 6  O3dry 
Americium 241 0 01 0 02 dry 
Plutonium 239+240 0 01 O03dry 
Tritium 400 400 (pCi/ml) 
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TABLE 6-3 

SOIL, SEDIMENT, AND WATER SAMPLING PARAMETERS 
AND THEIR DETECTION LIMITS 

OPERABLE UNIT NO 3 
(Concluded) 

Parameters Exclushrdy for Groundwater 
Samples 

DETECTION LIMITS' 
Water 
(W4 

ANIONS 
Carbonate 
Btocahome 
Chlonde 
SuWe 
Nrtrate as N 

FIELD PARAMETERS 

Specdic Conductance 
Temperature 

Barometric Pressure 

PH 

D-Oxygen 

Source (DOE 199lc) 

10 
10 
5 
5 
5 

01 pH unit 
1 

0 5  



x x  x x x x  

X 

x x x x x x x x x x  

x x x x x x x x x x  

x x x x x x x x x x  

x x x x x x x x x x  

x x x x x x x x x x  

e 
0 



x x x  

x x x  

x x  x x 

x x  x X 

x x  x X 

49 x c) 3 %  X 

x x  x x x  

x x  x x x x  
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The analytical program for each media is summarized in Table 6 4  The speclfic analytes and 

detectionlquantitation limt are the same as those used for investigations of OU 6 that were speclfied 

in the IAG by reference to CLP analyses The GRRASP (DOE 1990~) provides a listing of CLP 

analytes and limts that will be used for this RFI/RI These analytes and limlts are presented in 

Table 6-3 The program shown in Table 6 4  IS based on the chemical analyses rationale presented 

in Subsection 6-2 

Alpha spectroscopy will be used to analyze the air samples for plutonium (238, 239 and 240) and 

for ameflcium (241) While gamma spectroscopy can be used to measure multiple COmpOnentS per 

air sample alpha spectroscopy usually measures only one compound per sample because of 
drfferent sample preparations for the various radionuclides Alpha is the appropriate method for 

measurement of plutonium and americium so each filter will be splt for the two measurements 

First the samples brought into the lab will be weighed and compared versus tare weights previously 

recorded to determine total particulate loading Then the samples will be digested and split into two 

equal quantnies One half will be used for plutonium measurement and the other for americium 

measurement 

Laboratory results will be made on a per filter" basis This data will then be used wRh field 

durations and flow rates recorded to determine particulate loading and radionuclide concentrations 

per cubic meter of air 

Biotic samples will be analyzed pnncipally for the radionuclides and metals 

6 5 3 Sample Containers and Preservation 

Sample volume requirements holding times and container material requirements are dictated by 

the media being sampled and the analyses to be performed 
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The sod matnces to be analyzed will indude solls and sedrmenW The water matnces for analysis 

WU include surface water and groundwater Tables 6-5 and 6-6 list analytml parameters of interest 
in OU3 for water and soil matrices, along m the assoaated cOntatner we, preservatives 

(chemical and/or temperature), and holding times Additional specific guldance on the appropriate 

use of contanem and presenradnres is provfded in SOP No 113, ContaInenwrg, Piesen#lg, 

Handling, and Shipplng of Son and Water Samples 

6 5 4 Sampk Handling d Documentation 

sample control and documentabon is necegsary to Bc#MB the defensibility d data and to verify the 

collectlonforms,samplelabetsortags,charnofcustodyfonns,photographs,and~~reoords 

qwbty and quantity d work performed mthe  field Accountable documents indude logbooks, data 

and r e m  Speafic gudance defining the necessary sample control, Ident-, and chamof- 

custoctydocumisdiscussed mSOPNo 114 

Field data unll be input in to the RFEDS using a remate data entry module supplms by EG&G The 

data will be put through a prescribed QC process based on SOP No 114 to be generated by 

EG&G A sample tracking mil be mruntamd by the contmctor for use in tracking 

sample CoHechOn and shipment Computer and data securjty will aisofdlow acoeptable procedures 

outlined by EG&G 

6 6 FIELD QC PROCEDURES 

sample duplmtes bottle blanks, equipment rtnseate blanks and performance evaluatm samplss 

vvlll be prepared Tnp blankswill be obtamed from the laboratory The amlytid results obtained 
for these samples wll be used by the data users to assess the quallty of the field sampling elfart 

The types af field QC samples to be collected and thar a p p l m  are dtscussed belaw The 
frequenCyfor& Sam- to be collected and mMed Is Fovlded hT&3k 6-7 
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TABLE 6-5 

SAMPLE CONTAINERS, SAMPLE PRESERVATION, 
AND SAMPLE HOLDING TIMES FOR WATER SAMPLES 

OPERABLE UNIT NO 3 

Holding 
Parameter Container Preservative Time 

UQUID-LOW TO MEDIUM CONCENTRATION SAMPLES 
Organic Compounds 
Purgeable Organics 
(VOCS) teflon lined septum lids pHc2 

2 x 40-mL VOA vials wtth Cool 4°C' wtth HCI to 

Extractable Organics 1 x 4 L ambe? glass Cool 4°C' 
(BNAs) Pesticides and bottle 
PCBS 

Inorganic Compounds 
Metals (TAL) 1 x 1 L polyethylene 

bottle 4°C 
Cyanide 1 x 1 L polyethylene Sodium hydroxide' 

bottle pH>12 Cool 4°C 

bottle 

bottle 

Nttnc acid pHc2 Cool 

Anions 1 x 1 L polyethylene Cool 4°C 

Radionuclides 1 x 1 L polyethylene Nttnc acid pHc2 

7 days 
14 days 

7 days until 
extraction 
40 days after 
extraction 

180 days3 

14 days 

14 days 

180 days 

'Add 0 008 percent sodium thiosulfate (N%S,OJ in the presence of residual chlonne 
,Container requirement is for any or all of the parameters gtven 
3Holding time for mercury is 28 days 
'Use ascorbic acid only rf the sample contains residual chlonne Test a drop of sample wtth 
potassium iodine starch test paper a blue color indicates need for treatment Add ascorbic 
acid, a few crystals at a time until a drop sample produces no color on the indicator paper 
Then add an additional 0 6g of ascorbic acid for each L of sample volume 

Source (DOE 1991c) and (EPA 1987) 
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TABLE 6-6 

SAMPLE CONTAINERS, SAMPLE PRESERVATION, 
AND SAMPLE HOLDING TIMES FOR SOIL SAMPLES 

OPERABLE UNIT NO 3 

SOIL OR SEDIMENT SAMPLES-IDW TO MEDIUM CONCENTRATION 

Organk Compounds 

PurgeableOrganlcs 
(v-) 

Inorganic Compounds 

VAL) 

Radionuclides 

1x4-ozwide-mOUth Cool, 4°C 14 days 
teffon llned glass vlals 

1 x802undenouth cod, 4°C 14 days 
iar 

1 x 1-L wide-mouth glass None =days 
J= 

'Holding time for mercury is 28 days 

Source (DOE, 1991~) 
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TABLE 6-7 
FIELD QC SAMPLE FREQUENCY 

OPERABLE UNIT NO 3 

Media 
Sample Type Type of Analysis Solids Liquids 

Duplicates Organics 
Inorganics 
Radionuclides 

Bottle Blanks Organics 
(Rinseates) lnorganics 

Equipment Blanks Organics 
(Rinseat es) lnorganics 

Trip Blanks Organics (Volatiles) 

Radionuclides 

Radionuclides 

lnorganics 
Radionuclides 

Inorganics 
Radionuclides 

Performance Evaluation Organics 

1/10 
1/10 
1/10 
NA 
NA 
NA 
1 120 
1 120 
1 120 
NR 
NR 
NR 
1 120 
1 /20 
1 120 

1/10 
1/10 
1/10 
NA 
1 120 
1 /20 
1 120 
1 /20 
1 120 

1 120 
NR 
NR 
1 120 
1 120 
1/20 

NA = Not Applicable 
NR = Not Required 

I 



Duplicate samples will be collected and WIJI be used 85 d relatnre measure ofthe precisrOn dthe 

sample coliecbon process. These samples mll be cdleaed at the same trme, lrsrng the same 

procedures, the same equipment, and in the same types of containers as required forthe samples 
They wll also be preserved mthe same manner and submtttedforthe same analyses as requwed 
forthe samples. 

Bottle blanks o f  dwblled water preserved according to the pleservadto ' n  reqdrments 
(Subsecbon 653), wdl be used to provide an mdlcrrtKwr of any contarmnabon htroUuced from the 

sample battles a p p f i i  only to sampleg 
requltement chemical presmmon 

AS mdicated by TaMe6-4, these QC Samples 

Equipment (rinseate) blanks will be collected from final 7 rinseate to BvEL(u8te the 
success d decontamrnation efforts on nondedicated sampling equipment. Ecruipment Manks are 
obtcuned by rimng cleaned equipment with distilled water before sample colkctm . Therinssateis 

collected and placed m the appropmte sample conmmers. EquyJment nnseate blanks am 

applicable to all analyses for water and sod samples as indmted in Table 6-7 

Tnp blanks conslstfng of deionned water will be prepared by the laboraaory techmcian and unll 

rtccompany each shqxnmt of water samples for volatile organic a d y s ~ ~ .  Tnp blanks mll be stored 

mth the group of samples with whii they are &ssocl(lt ' ed Analysfs ofthe ttip blank will id- 

migrahon of volatile organics or any problems assmated with the shipment, handling or storage of 

thesamples 

Performance evaluatKw1 samples will be prepared that contain k m  compounds andwll be sent to 
the laboratory for analysis to monitor laboratofy and method performance Performance wafuath 
samples are used to evaluate accuracy 

Procedures for monltonng field QC are gNen in the srtew~de QAPP In addition, tnfonnatNxl 

regarding the collectKKl of matrix spke and mamx splke duplicates for Womtoty quality contrd are 

IndUdedintheQAPP 

DEFuFlATSl51013 51 OU 3 FinaV12-06-0l 
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7 0 HUMAN HEALTH RISK ASSESSMENT PIAN 

71 OVERVIEW 

7 1 1 Regulatory Basis 

Section 300 43O(d) of the National Contingency Plan (Federal Register March 8 1990 p 8709) 

states that as part of the remedial investigation, a human health nsk assessment is to be conducted 

to determine whether contaminants of concern identrfied at the site pose a current or potential risk 

to human health and the environment in the absence of remedial action This section descnbes the 

Human Health Risk Assessment components including the following 

0 Contaminant descnption 

0 Exposure assessment 

0 Toxiclty assessment 

0 Rtsk charactemation 

0 Uncertainty analysis 

Figure 7 1 illustrates the basic Human Health Risk Assessment process and components The 

objective of thls assessment is to identlfy and estimate potential human health risks resulting from 

exposure to see contaminants present in various environmental media The Human Health Risk 

Assessment considers nsks from both radiological and nonradiological contaminants The EPA and 

DOE require a two phase evaluation for the radiological portion of the assessment The Human 

Health Risk Assessment will incorporate the two-phase analysis which includes 

0 Procedures established by the International Commission on Radiological Protection 

(ICRP) and adopted by the EPA used to estimate the radiation dose equivalent to 

DENFIATS1 6/Wl51 OU 3 Finai/12-06-91 
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Exposum Assessment 

Data Collection and Evaluation 

Gather and analyze relevant srte data 

klentdy potential contaminants of concern 

Analyze contam tnant releases 

klentdy exposed populations 

Mentdy patentral exposure pathways 

Estimate exposure concentrations 
for pathways 

&mate contaminant intakes for pathways 

Evaluate uncertainty 

7 

1 

Toxicity Assessment 

Collect 9ual1tat1ve and quantmbve 
tatcity urformation 

values 

Evaluate uncertainty 

Determine appropmte toxaty 

Risk Characterization 
Charaderue potential for adverse 
health effects to occur 

- Estimate radlologlcal and nonradiologlcal 
cancer nsks 
Estimate noncancer hazard quotients 

Compare radiatmn dose equwalents 
to establish radiation protection 
standards and crrtena 

Evaluate uncertainty 

Summanze nsk information 

Source Risk Assessment Guldance for Superfund Vol 1 
Human Health Evaluation Manual (Part A) 
lntenm Final 1989 E P M  -891002 
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humans from potential exposure to radionuclides through all pertinent exposure 

pathways 

0 Estimates of health risk based on the age-averaged llfetime excess cancer 

incidence per unlt intake (and per unlt external exposure) for radionuclides of 

concern 

Human Health Risk Assessment results will be used to determine lf remedial actions are warranted 

at OU 3 and, lf so what associated cleanup levels will be necessary to protect human health 

A number of guidance and information documents will be used to provide direction for developing 

the Human Health Risk Assessment These include 

0 Risk Assessment Guidance for Superfund, Human Health Evaluation Manual 

Volume 1 (Part A) lntenm Final 1989 EPA/540/1-89/002 (EPA 1989c) including 

OSWER Directive 9285 6-03 Human Health Evaluation Supplemental Guidance 

'Standard Default Exposure Factors' 

0 Guidance for Data Usability in Risk Assessment lntenm Final 1990 

EPA/540/G-90/008 (EPA 199Ob) 

0 Superfund Exposure Assessment Manual 1988 EPA/540/1 88/001 (EPA 1988b) 

b Procedures established by the ICRP and adopted by EPA in Federal Guidance 

Report No 11 (EPA, 1988) 

b Radiation Protection of the Public and the Environment, DOE Order 5400 4 

0 Risk Assessment in the Federal Government Managing the Process 1983 

National Academy Press, Washington, D C 

OU 3 Final/l2-06-91 
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0 Publicatms of the Nahonal Councll of R a d i  Protectton International Council on 
Radlologtcal Protecbon, United Nat~onal Sclentffic Committee on the Effects d 
Atomic Radmtion, as appropnate 

In addition to av;ulable nat~~nal EPA guidance, supplemental Region Vlll nsk assessment guidance 

wllbeused,lfapplicaMe 

Human health nsk prepared to date include prelminaty asseasmentsfor IHSS 199 and 

ZOOthrough 202 These 8s58g8ments re id  on exlsbng data to quaktatnrely describe the potential 

eoqxwure pathwaysand risks Theywere basedoncondusKKIsinthe Fmal Past Remedy 

OU3 (DOE, 1991a) and the Hfstoncal Informat#xl Summary and Prelimrnary Health Rlsk - 
Asseasmentforoperabie Umt No 3 (DOE, 1991 b), which ldenwied data limitatrons prohibiting use 

o f t h e d n g  datain aquanththassessrnent. The q-assessment hasbeen deferred 
unblcompletiondtheRF~,nrhtchwillcdiectdatathatmll~hstoncald~andt~mllbe 

adequate data for quantitasnrely evaluating nsk Data used to develop the preliminary nsk 
assBssments will be used in the Human Health Risk Assessment to the extent practuable Some 

These declslons will be based 

on the Rn/RI results and the kinds, quantrtres, and qualrty of J’ustork data and informallon 

datamaybeusedquantitatively and some wll be- qualIt8tlVely 

The obpcWes of the prelimnary nsk assessments were the fdlowfng 

0 ldenMy all porenbal exposure pathways to be evaluated m the RFI/RI 

0 Identify addhnal informaon needed to petform aquamatwe assessment 

DEN/FLATSl&Wl51 
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The preliminary qualitative assessment used existing information to make judgements concerning 

the potential exposure pathways and to identify the plausible exposure pathways and qualnatlve 

risks that are applicable to the following scenarios 

0 No further action for current land use Scenano 
0 Implement the remedy (workers and public) for the current land use scenario 

Past remedy for current and future land use Scenarios 0 

These judgements are not used to eliminate potential exposure pathways from evaluation in the 

RFI/RI 

The preliminary risk assessment for the no further action alternative and the remedy implementation 

alternatrve were based on the current recreational land use condnion for IHSS 199 A hypothetical 

risk assessment used generic exposure pathway assumptions based on a future residential land 

use Only plutonium nsk was assessed based on soil concentrations of 1 10, and 100 pCi/g 

These concentration values provide a range of risks from 7 X 10 to 7 X 1 Og (DOE 1991 a) for the 

current recreation exposure Scenario Using a residential setting the theoretical calculated generic 

risk assessment for Pu 239 yielded a range of nsks for 2 X 10 to 2 X 10 

As indicated in Table 7-1 nsk incurred from exposure to plutonium-239 in a recreational exposure 

Scenano at IHSS 199 before dunng and after remedial activnies would be below EPA s target range 

of acceptable risk (I e , below 1 X 1oe) Residential use exposure cannot occur at IHSS 199 before 

or dunng the remedy actlvrties 

Table 7-1 summanzes the hypothetical qualnatlve risk charactenzation derlved from the generic risk 

assessment The genenc rsk assessment IS based on a hypothetical multipathway exposure 

Scenario All exposure pathways use plutonium 239 in soil as the source media The following two 
Scenanos and component pathways are considered 

DENFLATS1 6D2l 51 OU 3 FinaUl246-91 
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HYPOTHETICAL QUALITATIVE RISK CHARACTERlZATlON 
DERIVED FROM THE GENERAL RISK ASSESSMENT' 

EXP--&.rurk -R- Wng M a r  Remedy 

mxeatlonal use Below EPA's Range Wow EPA's Flange Below EPAs Range 
dAccepaMeRisk dAcceptaMeRi 0fAccepaMeRlsk 

Res&ntml Use NA NA Below EPAs Range 
dACtXptabkRwk 

Notes ' The risk estimates presented in this table are @pathetical 

NA- Basedoncondmns at the site, these exposwe COnditKKIG dd not Bwst during the 
-phase- 

OU 3 FinaI/1246-91 
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Residential Recreational 

Incidental Soil Ingestion 
Inhalation of Dust 
Ingestion of Leafy Vegetables 
Ingestion of Tuber Vegetables 
Ingestion of Beef Tissue 
Ingestion of Beef h e r  
Ingestion of Cows Milk 

Incidental Soil Ingestion 
Inhalation of Dust 

All of the data reviewed indicate that radionuclides in sediments are the only contaminants of 

concern at IHSS 202-202 that can be attributed to RFP histoncal releases Some media speck 

analyses of plutonium and other radionuclides present at the RFP, such as americium-241, have 

been performed at Great Western Reservoir and Standley Lake However only plutonium was 

addressed specifically in the qualnatlve and the general nsk assessments because the potential 

exposure pathways for the radionuclides of concern are similar (although signtficance may vary) 

and signrficantly more data would be needed to quantnatively address the risks of these other 

radionuclides A more comprehenslve assessment of all contaminants of concern and of the 

potential exposure pathways will be performed dunng the scheduled RFI/RI actwnies 

The preliminary nsk assessment for IHSS 200-202 was based on hypothetical plutonium 

concentrations in reservoir sediments and water under various exposure scenarios The added 

Metime excess cancer nsk for all potentially exposed members of the public would range from 

7 x 1 OQ to 7 x 10" based on soil concentrations of 0 01 0 1 1 and 10 pCi/g (DOE 1991 a) 

Data needs and DQOs were presented in Section 5 0 of this work plan Section 6 0 of this work 

plan descnbed how the data needs identmed will be collected The data needs and FSP address 

the objectwes descnbed in Subsection 5 1 4 and include charactenzing the nature and extent of 

contamination and the data collection necessary to assess the complete potential exposure 

DEN/FLATS16/021 51 OU 3 RnaV12-06-91 



pathways. The data to be collected and its use in the Human Health f b k  Assessment include the 

fdlOWlng 

0 S-1 Data d.laracteriung vert~cal plutonium, amencium, and uranium concemratiom 

in undwturbed areas can be used to support dscussms of contaminant fate and 

transpoR and, ultimately, the exposure 8ss8ssment These data wll be used to 

Hm pathways1,2, and SaSdefined Ontheconceptual models presented m 
secbon20 

0 S-2: Surface soil data wll be used to esttmate e#posure and nsk through ingestion 
and, n necessary, estimate windbome particulate concentratrons for subsequent 

hha&on e~<posures Thesedatawll be used toevakratepathways 1,Z 3,4, and 
6 

0 S4 ThesoilandsedimentdataonpaRiclesize,bulkdensity andTOCcanbe 

used to addregs contaminant fate and mmport, wtuch wll support developins 

exposure polnt c o n c e n t r a t l o n s f o r t h e r t s k ~ ~  to address pathways 1 ,  
2 3, 4, and 6 

0 SED-1 

suppon - of contam~nant fate and tr%nsport and otlsae migrabon 

Paurnrays Subsequent use of these data mludes, estimating exposure polnt 

concentratnxrSt0addresSp;ahways3 7 8 and10 

Data charactenzing COntarmnatKKI tn drarnage dnches can be used to 

0 SED-? 
drscussKxls of contaminant fate and transport and aRslte migration pathways Ths 

infonnatKwr unll be used to develop appropriate exposure scenarios to address 

pathways 3, 7, 8, and 10 

Data charactenzing sediments in the resemrs can be used to support 

OU 3 FinaUl2-06-91 
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0 SED-3 

reservoir capacily can be used to support discussions of contaminant fate and 

transport and offsite migration pathways (pathways 3 7 8 10 and 14) In addrtion 

these data may be used to estimate exposure and nsk through incidental ingestion 

dunng recreational uses of the reservoir or to estimate windborne particulate 

concentrations for subsequent inhalation exposures 

Data charactenzing sediments that may be potentially exposed during low 

SW-1 

discussions of contaminant fate and transport and offsrte migration pathways 

(pathways 4 9 and 12), in addrtion to estimating exposure and nsk from ingestion 

or dermal contact wtth surface water 

Data charactenzing radionuclides in surface water can be used to support 

., SW-2 Same as SW 1 

0 GW-1 Data charactenzing sle-speck hydrogeology and potential contaminants in 

alluvial and confined groundwater systems can be used to support discussions of 

contaminant fate and transport in addrtion to estimating exposure and nsk from 

ingestion inhalation or dermal contact wrth groundwater to address pathways 5 10 

and 12 

A-1 

be used to support discusslons of contaminant fate and transport in addrtion to 

estimating exposure and nsk from inhalation The pathways these data address are 

1 7 and14 

Data charactenzing the potential for dispersion of contaminated sediments can 

AQ-6 

estimate exposures and nsk from fish ingestion 

Data to determine P fish are accumulating contaminants can be used to 

Because of the inherent uncertainty of the preliminary assessment the relatwe risks of the no-action 
remedy implementation and past remedy Scenarios could not be accurately compared A 

DENIFlATS16lO2l 51 OU 3 Findl2-91 
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comprehensnre quantitatrve assessment of all contarm 'nants d concern and potenbal exposure 

pathways vnll be performed as part of the RFI/RI The remamder of this section generally describes 

the indnridwl Human Health R i  Assessment cOmpOneMS as they relate to the overall risk 

(IssBssment. 

7.2 CONTAMINANT DESCRIPTION 

The objeu~~e of ths secbon IS to ldentny sourcereladed chermcals present at OU3 at 

concenttatkns thatcouM be of concemto human health The contaminant descriplon component 

of the Human Heaah Rsk Assessment summarizes hlstoncal and RFW data collected at OU 3, 

evaluates historical and RFl/RI data relatnre to perfomdng the Human Heafth R i  Assessment, and 

uses ths tnfotmat~on to perform the hazard The contaminant descnpbm seetm 

indudes the fdknnnng informabon 

The ob$ctlve o f t h w  task IS to summame all data ava~laMe tor use in the Human Health Rlsk 

Assessment in preparation - of further data evaluatm actmes This step, then, identifies the 

hstoncal data relevant to performing the Human Health Rlsk Assessment. assembles the RI data, 

and es tab l i i  data formats to faalme data evaluation. The following data rrttributeg are important 

to ths step 

0 Adtedescnption 

0 Asample designwahsample locations 

0 Ananalyticalmethodanddetectionlimit 

0 The results for each sample including qualifiers 

DwFLATs161D21.51 OU 3 FiMv124641 

i 



EG&G ROCKY FLATS PLANT Manual 
RFVRI Work Pian for OU 3 

-on 7 
Revision 1 
Page 11 Of 23 
Effectwe Date 

Category Final Organizdon RPD 

4 Sample quantitation limns and/or detection limns for nondetects 

Sample documentation (for example chan-of-custody and SOPS) 

0 Field condnions 

4 

Data lacking any of the above information will be considered for qualltatwe use in the Human Health 

Risk Assessment Data associated with all of these attnbutes will be camed forward for further 

detailed evaluation and summary 

7 2 2 Data Evaluation 

Hlstoncal and RFI/RI data will be further evaluated based on EPA s guidelines issued in Guidance 

for Data Useabilrty in Risk Assessment (EPA 1990b) The EPA identffied the following data usabilrty 

cnteria 

0 Assessment of data documentation for completeness 

4 Assessment of data sources for appropnateness and completeness 

Assessment of analytical methods and detection limns for appropnateness 

0 Assessment of data validation review 

4 Assessment of sampling data qualrty indicators (completeness comparabilrty 

representatweness precrsion and accuracy) 

4 Assessment of analytical data qualrty indicators (such as spike recoveries 

duplicates and blanks) for completeness, comparabillty, representatweness, 

precision and accuracy 

‘ 0  
DEWFLATS1 6/02151 OU 3 Find1 2-0691 



The Final Past Remedy Report for Operab le Unit No WHSS 199 and the Historical Information 
Summary W E ,  1991a), and the Hlstoncal Informam . n Summary and Preliminy Heatth Risk 

Assessment for Operable Unit No WHSS 200 to 202 (DOE, 1991 b) contained evaluations of data 

useab~li for hstoncal data These evaluations were based on the data useability criteria cited 

above In both cases, it was determined that available datawould not, by themselves, support a 
q- * nskassessment. 

F d h n g  compieUon of the RFlm data collection, analysis, and valtdation, the new data will be 

evaluated to determine if they support histormi trends where new data and hHorW data appear 

compatible, the historical data mil undergo re-evaiuation to identsy those that could be used 
quantnatnrely in conjunchon WRh new data 

Based on the outcome ofthis evalmt~on, the data set contairwng hfstoncal and RFMRl datathat can 
Human Health Rsk AssessmeM will be ldentmed Part of ths be used to support a quanbtatnre 

evaluation will d u d e  the most appropriate summary process and format. This will involve 

ldenMying stahsbd summary technlques that W e r  spatmi and temporal data distributions, 

determining i anthmew or geometric means are appropriate, and determl~ng the appropriate 

method for dealmg with nondeWted values and qualhd data The data summary will include 

. .  

0 The frequency d detection (number of p o s M  d8teWnumber of analyses) for 

each compound and sample location 

0 The minimum- and maximum-reported mxmtmtions for each compound at each 

samplelocation 

Tentatively ldentmed compounds (TICS) reported in the RFI/RI data wll be evaluated relatnre to their 

usefulness in the Human Health Rwk Assessment. if only afew TiCsare reported relative to other 

contaminants, or if they are unrelated to RFP, they wdl be excluded from the Human Health Rtsk 

Assessment If numerwsTlCs are reported and they appear related to the RFP, they will be camed 

through the Human Health Risk Assessment only to the extent that they charactenzing human 

DEN/FIATS16K#151 OU 3 Find/l24&Q1 
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health nsk as needed for site decisions It is anticipated that risks resulting from exposure to TICS 

will not be characterized because of the absence of specific contaminant identity and available 

toxicological information 

7 2 3 Hazard Identification 

The objective of the hazard identfication is to identify RFP-related contaminants present at OU 3 in 
concentrations high enough that may be of concern relative to human health considerations 

Previous OU 3 investigations identified Pu 239 Pu 240 and Am 241 within OU 3 In addition to 

these contaminants others may be identrfied based on RFI/RI analytical results Cnteria for 

performing the hazard identification include but may not be limited to 

0 Frequency of detection 

0 Toxicity mobility, and persistence 

a Environmental media concentrations exceed background concentrations 

b Contaminant can be attributed to RFP activities 

Depending on the number of site-related contaminants identified, one of two things will happen 

1 If only a few slte-related contaminants are identrfied all of them will be carried 

through the risk assessment The contaminants responsible for dominant risks at 

the site as well as those contributing lower risk will be identified 

2 If a large number of siterelated contaminants are identified, contaminants of 

concern (COCs) may be selected and carned through the risk assessment to 

characterize only those expected to contribute the highest risk Contaminants of 

concern will be selected based on the following tasks 

a Evaluating site historical information consideration as site-specrfic waste- 

actmy related compounds 

OU 3 FinaV1246-91 



Evaluating contaminant toxicities 

Examining contaminant mobtli, persistence, and bloaccumulation, decay 

and degradahon products 

ldentifying~exposureroutes 

Comparing contaminant concentrabons to chemlcal-speafk ARARS 

Groupmg chemicals by ciass according to structure-actrvity relationships or 
tmerSKndarities 

Evaluating frequency of detectm 

Evaluabng 'hat spor occurrences 

ldenbfyingessentralnutrients 

comparinswithbackground 

m a -  ' toxicity screento -those contaminantsthat are 

expected to contribute the most to overall nsks 

If COCs have to be selected, adequate documentatm * will be prepred to justrfy including 01 

exdudlng specmc contaminants. 

OU 3 FinaU1246-W 
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7 3 EXPOSURE ASSESSMENT 

The exposure assessment objectlve is to determine how exposures to site contaminants could 

occur and to estimate the extent of exposure if R occurs The exposure assessment includes 
several tasks 

e Characteme the exposure setting relatlve to contaminant fate and transport and 

potentially exposed populations 

e Identify exposure pathways based on chemical source and release, exposure point 

and exposure route 

Identify potentially exposed populations and the dynamics of their exposure 

e Identify uncertanties associated wlh the exposure assessment that impact the risk 

characterlzation 

Exposure is defined as the contact of an organism wRh a contaminant or physical agent The 

magndude of exposure is determined by measuring or estimating the amount of a contaminant 

available at the exchange boundaries (that is the lungs intestines and skin) When contaminants 

migrate from the sde to an exposure point (a location where receptors can come into contact wRh 

contaminants) or when a receptor directly contacts contaminated media, exposure can occur 

7 3 1 Conceptual Site Model 

The conceptual sRe models developed for OU 3 (Figures 2-8 and 2 9) will be used to evaluate 

pnmary and secondary contaminant sources and releases, and potential receptors and associated 
exposures The models help to charactewe the exposure setting relatwe to contaminant fate and 

transport mechansms through exposed receptors These models may be revised based on RFIFII 

data collected for the OU to incorporate new information 

DEN/FLATS16/021 51 OU 3 FinaVl2-0681 



7 3.2 Contaminant Fate and Tramport 

The conceptual ate model helps ldentii paternal contaminant fate and transport mechanisms 

These could include sol1 contaminants leaching to groundwater and subsequent transport, so11 

enhsunment and downwind d e p o s b ~  or surface runoff that tmnqxHs surface soil downslope 

Contaminant-spedc &amtwWs affect fate and transport. Factors affecbng the pfobab~lty a 

contaminant mll rmgrats include, but are not limited to, the following 

The BVBkl(dl0n of thege factors wll help determine if contaminents can migrate from their sources to 

patentfal receptors, nat only those recBptors identmed under c u m  use sc8nanos but those 

identified under patentialfutureexposurescenanos as well 

By using the conceptual site model and infcmatm ' on contarmnant fate and transport, exposure 

pathways can be ldenMied Thts iafommon combfned unth data on the physlcalate setting and 
potentially exposed populations, wmn be used to identay and evaluate complete exposure pathways 
The Human Health Risk Assessment mll consider only complete axposure pahways (or pathways 

that could ressonably be eDcpected to be complete), thoseforwhlch datasupport the presence of a 
source, release mechar#sm, transport mechanism, exposure route and affected receptor Complete 

exposure PEdhWays mclude the recepors and exposwe route (ingestion, inhalation, and dermal) 

DEJU/FLATSle/02151 OU 3 FinaU124SQl 
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Established EPA guidance (1989) calls for identlfying current and potential future exposure 

pathways Current exposure pathways reflect the present slte-setting and population actlvlties The 

potential future exposure pathways consider a range of exposures based in changes in land use 

The EPA (1991) remgntzes the dflicutty associated wlth predicting future land use especially 

relatlve to zoning considerations However the EPA (1 991) suggests developing residential 

exposure scenarios for most sluations It is anticipated that the OU 3 Human Health Risk 

Assessment will consider a range of potential future exposure scenarios including potential future 

residential scenanos 

7 3 4 Exposure Point Concentrations 

By using the data set identmed as part of Subsection 7 2 2  exposure point concentrations will be 

estimated Some data will be collected at the point of exposure Other data collected at the source 

may be used in conjunction with a transport model to estimate expected concentration at some 

exposure point. Because modeling may add uncertamty the work plan emphaslzes collecting data 

at exposure points where possible (even though these data provide only a snapshot of condltions in 

time and space) 

Exposure point concentrations will be expressed for a variety of anticipated exposure condrtions 

including the reasonable minimum exposure (RMinE), the expected exposure concentration, and the 

reasonable miwmum exposure (RMaxE) RMinE and RMaxE concentrations are represented by the 

95th percent confidence limlt on the average or the maximum reported concentration whichever is 

lower Depending on the quantny of data and their appropnateness for grouping data distnbution 

will be used to determine the appropnateness of using geometric or arithmetic means to estimate 

the RMinE and RMaxE and average concentrations 

7 3 5 Contarninant Intake Estimation 

Contaminant exposure (or intake) is normallzed for time and body weight and is expressed as 

milligrams of chemical per kilogram of body weight per day (mg/kg/day) Radionuclide intake is 
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expressed as plcocunes of radionuclide per kilogram of body wetght per day @ci/kg/day) Si 
bastc factors am used to eshmate intake exposure frequency, exposure d u m n ,  contact rate, 

chemlcal concentmiom, body wetght, and averaging ttme These factors are based on the types of 

exposure, for example, resdemal or ocwpahonal, ingesbon, or mhalahon 

The RMmE, RMaxE, and average exposwe point cmmmmmm * are used in conjunctton Hllth 

receptor activdy patterns to egtwnate contaminant intake for each exposwe route as appropnate 

EPA gudance such as Rtsk Assessment Gwdance for Superfund Volume1 Human Health 

Evaluation Manual Supplemental o u w a n c e s t a n d e r d ~ E x p o s u  ra Factors lntenm Final, 

March= 1991 (EPA, 1Q89c) will beconsulted indeveloplng boundlrylcaseexposm parameters 
to support an unbmsed wposure aannnnment ALSO, the averaging tHne for CarclnOQens ami 

-ns Mer 

Other standard contaminant intake rates establshed by the EPA that wUI be used, If appropnsrte, 

include the f d h n g  

0 Sal ingestKKI rates for children ages 1 through 6 years 

Inhalabon rates based onactnrity levels 

e Sal ingemon ratesfor all others (workers and residents greaterthan 6 years o f  age) 
0 

contaminant Intake rates can atso be e§mlated for dermal eDqxwwres of the three routes of 

e~tposure (ingestmn, inhalabon, and dermal), the greatest unoertainty IS assoaated with dermal 

exposures 

7 3 6 Uncertainty in the Expowre Aa8eument 

The ability to cmstmct exposure scenarios for a site depends on the amounts and kinds of 

envtronmeraal data collected for that purpose Some uncertsunty is mherent in environmental data 
collectm The numbers and knds d uncertarntles included in the exposure assesmwnt diredly 

impact the nsk characterizabon, many prafesslonal J- impact the identifiwbon and 
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description of physical site attnbutes that affect exposure and actmy patterns One of the major 

areas of uncertanty in the exposure assessment is the prediction of human activities that lead to 

contact Wh environmental media and exposures to site-related contaminants This section of the 

Human Health Risk Assessment will identify and evaluate how site attnbutes related to 

environmental sampling and analysis, fate and transport modeling, and exposure parameter 

estimation and assumptions about them affect uncertanty relative to assessing nsk The exposure 

assessment uncertarnty analysis will evaluate the potential magnitude of over or under estimation or 

both, and will prowde an indication of the impact by orders of magnitude, that the uncertanty 

imparts on the estimation of nsk 

7 4 TOXICITY ASSESSMENT 

The objectwe of the toxicrty assessment is to describe the contaminants considered in the Human 

Health Risk Assessment relatnre to their potential to cause harm The toxiclty assessment has two 

general steps The first determines what adverse health impacts rf any, could result from exposure 

to a particular contaminant These are typically classdied as carcinogenic and noncarcinogenic 

heatth effects The second step, the dose-response evaluation quantitatively examines the 

relationship between the level of exposure and the incidence of adverse health effects 

Toxiclty depends on the dose or concentration of the substance (dose response relationship) 

Toxicrty values are a quantitatnre expression of the dose-response relationship for a contaminant 

and take the form of reference doses (FWD) and cancer slope factors both of which are specrfic to 

exposure via dflerent routes 

Two sources of toxicrty values are currently avalable for chemicals and radionuclides The pnmary 

source IS the EPAs Integrated Risk Information System (IRIS) data base, which contans uptodate 

health nsk and regulatory information IRIS contains only those FtfDs and slope factors that have 

been verrfied by the U S  EPA work groups and IS considered by U S  EPA to be the preferred 

source of toxicrty information for chemicals Other sources such as ICRP and NCRP will also be 

COiTSUlted 
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Fdlowrng IRIS, the most TecBntly ava~lable Health Effects Asseewment Summary Tables (HEASn, 

ssuec~ by the US ~ ~ A s o f i i c e  of Research and ~evelopmertt, will be consdted to identify interim 

RfDsandslope f a c t o r s f o r ~ i d e s .  

In addm to Identifying appropriate tomcity values, ttns sacbon of the Human Health Rlsk 

Assessment mll provide brief tomcity profiles based on recent, publlshgd Itterature for each 

contamhlilllt evaluated in the Human Health Rwk Asesmem These profiles WIII descnbe the 

acute, chrome, and carclnogenk healtheffectsassodatedwithsae-related cuntaminants identffied 

1- * presented mll deal with the carcinogenic hazard paged by the slteqx3cNic 

radlonudi 

in OU 3 Acute and chronlc eocposure to site-retated r a d i e g w i l l  be discussed ,butmostofthe 

The taxldty a z c ~ ~ w t ~ m c ~ t  section will include ad- ofllncmal 'nties Thenumbersandkmds 

of uI1cBltBkffies IdenMied for the toxiclly assessment dllredty impact the risk asesmea 
UnceItaI~forthe toJdcity -are associatedwith the tawcltyvaluea and rhelr denvahon, 

orthehdcoftowcnyvaluesforsrtsrektedcontEtminants. Thesecouldinclude butmaynatbe 

llmded to, the following 

e Not all wnsbtwm at the site have critrcal toxlclty values (such as cancer slope 

factors or reference doses), potentm rwk canna be quantified for these constlt- 

and thii may undemwmate risk from the ate 

e lacking taxlclty data, synergmc or anhgom& effects cannot be accounted for 

q-w 
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0 Cntical toxlcrty values derivation include, but may not be limled to the following 

- Extrapolating toxlcrty values from high expenmental does to low doses for 

environmental exposures 

- Extrapolating data from tests wlh experimental animals to humans 

extrapolating test data collected over short durations to long term exposure 

durmons 

Extrapolating data collected using homogeneous expenmental animal 

populations to humans who indwidually can vary substantially in their 

individual dose-response reactions 

Extrapolating from continuous expenmental doses given to animals to 

intermrttent human exposures 

Extrapolating absorption rates 

The methods used to denve slope factors and reference doses are intended to be conservative in 

recognizing these types of uncertainties In addrtion to the numerical approaches used to 

incorporate uncertainty in dertving toxicrty values the overall qualrty of the toxlcology data base for 

a compound is evaluated This can include consideration of a number of studies, their consistency 

the avalabilrty of information on muttiple species and multiple routes of administration, the 

demonstration of a clear dose-response relationship plausible biological mechanisms of action, and 

especially direct evidence of effects in humans Such reviews are performed by the EPA in 

developing toxicw parameter values and result in an overall evaluation of the confidence level in the 

toxicrty values Not all toxicrty values represent the same degree of uncertainty all are subject to 

change as new evidence becomes available 
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7 5 RISK CHARACTrRrZATlON 

This part of the Human Heatth Rlsk Assessment presents the evaluation of patentlal risks to puMc 

health (Lssocjated with exposure to contaminants at the OU 3 ate Potentmi carcinogenic and 

noncamnogeruc nsks assoclzllted with complete exposure pathways will be estimated 

Noncancer nsk will be assessd by companng the esbmated dady intake of a contaminant to Its 

reference dose (RfD) lhs campanson measures the pat& for noncarclnogenlc health effects 
gwen the chemlcal intake factors used to estimate exposure To assess the patentlal for noncancer 
effects posed by mulbplechermcels, the EPAs hazard mdexapproachwill be used The method 

assumes dose addltnnty Hazard quatrents (indlvldual chemical intake divided by the chermcal RfD) 

aresummedbasedon identification dtarget-msues and ltke tmpaas to provide a hazard index, if 

the index exceeds one, a patemal for health nsk wsuggrned 

The p0tent.A for carcfnogenlc effects for nonrackological contaminants wll be esttmated by 

IRIS slope factors for tadlonuclides d concern wll be used to estimate radidoglcal nsks from 

exposure for up to four pathways mWon igestron, air immersion, and ground-surface 

r f f a d i i  CaiculaWms~ll be p e r f a n n e d a c c o r d i n g t o ~ ~  by the EPA (1Q89c) The 

sum d the rrsks from all radmudides and paumays yields the l i i  risk from the overall 

exposure. 
multiple exposures 

calculabng excess l i icancernsksfrom the Ilfetlme avmgeexpQSureand c a n c e r ~ f a c t o f  

Risks Wll be combined as appropriate, tahrlg into cxmdemm the plausiblii at 

Both nmcancer and cancer nsks will be estimated by mng M n E  and RMaxE comb~ned WRh 

exposure assumptions This allaws risk ranges to be considered rather than a angle value and 

more dosely considers the uncettatnty assoclslted wtth the estimates Inadclitron,rlsksmaybe 

DENIFlATslw2l51 OU 3 FinaVl2U6-91 

= +  



EG&G ROCKY FIATS P I A M  Manual 
RFiml Work Pian for OU 3 

%don 7 
Revision 1 
Page 23 of 23 
Effednre Date 

Categoly Final Organnatron FIPD 

added across exposure routes d conditions for doing so (I e biologically plausible and consistent 

with reasonably expected exposure scenarios) indicate that it is appropriate 

Not all contaminants identified at OU 3 will have toxicrty values thereby limiting the ability to develop 

quantrtatrve estimates of nsk Where adequate toxictty values cannot be identlfied potential risks 

associated with exposure to those constituents will be dealt with qualitatively 

7 6 UNCERTAINTIES, LIMITATIONS, AND ASSUMPTIONS 

The numbers and kinds of uncertarnties identrfied in the Human Health Risk Assessment directly 
impact the interpretation of estimated nsks developed in this section Quantltatrve risk estimates 

denved in nsk assessments are conditional estimates that include numerous assumptions about 

exposures and toxicrty Uncertamty IS introduced from a vanety of sources including but not limrted 

to the following 

0 Sampling and analyss 

0 Exposure estimation 

0 Exposure population dynamics 

Toxicological data. 

The objectrve of this task will be to evaluate the reliabilrty of the Human Health Baseline Risk 

AsseSSrnent as a scientfically credible instrument upon which to base nsk management decisions 

An uncertanty analysis will be performed to characterize and quantrfy to the extent practicable the 

sources and magnitudes of uncertainty in the BRA Quantnatwe techniques may include Senslwity 

analysis, first-order analysls to evaluate the propagation of errors or numerical methods such as 

stratified Monte Carlo sampling 
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8 0 ENVIRONMENTAL EVALUATION WORK PLAN AND FIELD SAMPLING PLAN 

8 1 INTRODUCTION 

The objectwe of this Environmental Evaluation Work Plan (EEWP) is to provide a framework for 

addressing and quantrfying the ecological effects on the biotic environment (plants animals and 

microorganisms) caused by exposure to contaminants from the Rocky Flats Plant (RFP) that have 

migrated or are currently migrating to OU 3 the offslte area This plan descnbes the major tasks 

and appropriate sequence of events for performing an environmental evaluation (EE) The EE will 

be conducted as an integral part of the RFI/RI process to determine d the Contaminants of concern 

from the RFP pose a current or potential risk to the environment specrfically to the biota present in 
OU 3 in the absence of remedial action The overall purpose of the EE is to perform a qualltatwe 

and where possible a quantltatwe evaluation of actual or potential damage to the environment 

This plan conforms to the requirements of current applicable legislation and agreements including 

CERCLA as amended by SARA the NCP the IAG and the Natural Resource Damage Assessment 

(NRDA) process Since the EE IS conducted as an integral part of the RFI/RI process, the work plan 

conforms to the National Contingency Plan and is based on CERCLA and RCRA guidance 

documents for conducting RFI/RI activlties Although a formal NRDA process has not been inltiated 

at Rocky Flats this work plan is consistent wlth the NRDLA process to the extent possible to 

address concerns of the State of Colorado Guidance for assessing ecological risks was taken 

primarily from Risk Assessment Guidance for Superfund Volume II Environmental Evaluation 

Manual (EPA 1989d) and 'Ecological Assessment of Hazardous Waste Sltes' (EPA 1989e) 

Addltional guidance manuals that will be used when appropriate are listed in Table 81 The EE 

approach is designed so that procedures to be performed are appropnate neceSSary and sufficient 

to adequately characterize the nature and extent of environmental effects under the 'no action' 

Scenano and future condltions arising from this scenario 
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TABLE 8-1 

EXAMPLE U S ENVIRONMENTAL PROTECTION AGENCY 
AND U S DEPARTMENT OF ENERGY GUIDANCE DOCUMENTS 

AND REFERENCES FOR FIELD INVESTlOATlONS 
AND ENVIRONMENTAL EVALUATlONS 

Barnthowe, L W ,  Suter, 0 W ,  Bartell,S M ,  Beauchamp, J J ,  oardener, R H Lind8r, E ,  ONeill, 
R V ,  and Rosen, A E ,  1986, W s  Manual for Ecological f b k  Emronmental 
sciences DNislon, P u M i i  No 2679,ORNL-6251 

DOE, 1990, 'Radmtm Protectm of the Publlc and the Emronm' DOE Order 5400 5 

DOE, 1988 'Cornprehens~~e Emronmental Response Compematm, and L~ab~lii Act 
Requi-' DOE Order 5400 W, Draft, September 1988 

DOE, 1988, 'Radiological Effluent Monitoring and Emronmental Surveillance,' DOE Order 5400 XY 
Draft, September 1988 

EPA, 1989, 'Risk Assessment Guidance fqr Superfund Volume II Emronmental Evaluation Manual, 
lntenm Final,' Office of Emergency and Remedial Response, Washington, D C , EPN540/1-89/001 

EPA, 1989, 'Ecologd Assessment of Hazardous Waste S i ,  A Field and Laboratory Reference 
Document,'Env~ronmeraal Research Labommy, corvawiS, Oregon, EPA/600/3-89/013 

EPA, 1989, ' m e  Factors Handbook' Office of Health and Environmental Assessment 
Washington, D C EPA/600/8-89/043 

EPA, 1988, Guidance for Conducting Remedm1 Inveagatms and Feasibility Stud- Under 
CERCIA, lntenm Fmal,' Office of Emergency and R e d d  Response, Washington, D C ,  
EPN54O/G-89/W 

EPA, 1988, Superfund Exposure Assessment Manual,' Office of Emergency and Remedial 
Response, Washington, D C ,  EPN540/1-88/W1 

EPA, 1988, 'Guidance on Remedral Actions for Contaminated Groundwater at Superfund Sites' 
Office of Emergency and Remedial Response Washington, D C ,  EPA/540/G-88/003 

EPA, 1988 'Technological Approaches to the Cleanup of R a d i i d l y  Contarmnated Superfund 
Sites,' Office of Research and Development, Washington D C EPA/540/288/002 

e-- - 
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The EE or ecological nsk assessment at OU 3 will be conducted in conjunction with the ecological 

assessments being conducted at OUs upgradient of the offsne area such as the onsne portions of 

Woman Creek (OU 5) and Walnut Creek (OU 6) Contaminants from these drainages and the onsite 

OUs adjacent to these creeks such because OU 3 is downwind of the RFP and includes the offsite 

downgradient portions of the Woman Creek and Walnut Creek Where appropnate the EE at OU 3 

will also be developed in conjunction with human health risk assessments at OU 3 and other 

applicable OUs The Environmental Evaluation Manual (EPA 1989d) and the Superfund Exposure 

Assessment Manual (EPA 1988c) recognize that the exposure and toxiclty assessment processes 

for ecological and human health nsk assessment have much in common, and that ecological and 

human health assessments are interrelated because humans use natural resources 

Several existing technical documents were reviewed during the preparation of this EEWP The Final 

Environmental Impact Statement (EIS) for the RFP (DOE 1980) and the recent Wetlands 

Assessment (EG&G 19909) provided ecological information The Past Remedy Report on IHSS 199 

(DOE 1991a) and the Historical Information Summary and Preliminary Health Risk Assessment for 

IHSS 200 202 (DOE 1991 b) provided excellent summaries of past studies on water soil and 

sediment contamination in the offsrte area and conceptual exposure models for human and biotic 

receptors in the offsite area RFI/RI work plans including environmental evaluation work plans for 

several OUs upgradient of OU 3 were reviewed to coordinate planning maintain consistency in 

sampling efforts and ensure compatibilrty with the environmental evaluations being conducted at 

the nearby OUs Other reports such as the Draft Rocky Flats Surface Water Management Plan 

(EG&G, 1991 e) and the Background Geochemical Charactenzation Report for 1989 (EG&G, 19901) 

provided important information on sne charactenstics and potential transport mechanisms New 

data generated by the implementation of the EE portions of RFI/RI programs at appropriate OUs will 

be reviewed as they become available 

The EE will provide decision makers wnh the information required to determine risks to the 

environment at OU 3 as it presently exists and an estimate of risks based on future conditions in 

the absence of remedial action on the offsite areas It will also be used along wrth the RFI/RI site 
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charactenzatm and human nsk assessment, to determine whether or not offsite contamination 

requires addiiional remedial action tt wll also provide information for assessing the potential effects 
of the remedial atternawes on the envtronment, and in the case o f  IHSS 199, the effects of the 
court-mandated remediatm (Subsection 21 2) In a d d m ,  the EE can aM m developing future 
strategies for monitonng the e f b m m e s  of any remediation or wegemon * accomplished inaffsRe 
areas 

The EE process presented in this work plan provides a generrd framework for analyzing the 

likelihood that an advase effect wll or has occurred, for determining the magnltude and intensity o f  

the adverse effect, for evaluating the ecdogrcal consequences dthe elfect, and fordescnkng the 
UnCeRanties assocleted wtth the z1s5885ment The approadr pmemted inths EEWP 18 based on 
the COmbinatm d an ecosystem approach and ataacity-based approach as disarJsed HI EPAs 
Ecological Risk Assessment Manuals (EPk 1- and 19898) The toxicay based appraach 

measuresthe exposure of kologd receptorst0 contaminants of concern, -the t o m  o f  

those contaminants, and evaluates risks by comparing estimated expoeures or intakes to acceptaMe 
exposures or intakes. The ecosystem approach foeuse$ on spedfic cOmpOnentS of an ecosystm 
that are meas~rable~ecoboid endpomwwhkh respond to comnants in the Bcosystem If the 

approach pmceeds to determine if the addinal  influencing factor(s) are related to contaminants 
from the RFP The'ecologtcal endpornts' may be populatm4eW endpoints such as growth or 
reproductive rates, or communny-level endpoints such as community compos#lon or dtvetslty The 

Bcosystem approach integrates these components in order to emluate the patential nsk to the 
ecosystem as well as to the popuWi or community 

endpoint Is belng Influenced by factom other than natural phenomenon, then the 8co8ystem 
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The EE approach where possible will establish a cause and effect relationship between the srte 

related contaminants and the actual or potential adverse ecological effects measured during the EE 

Three types of data are necessary to establish a cause and-effect relationship These are 

0 ChemicatAnalysis of field samples to establish the presence concentration 

variation and distribution of the contaminants of concern (completed largely 

through the RFI/RI srte characterization studies) 

0 EcologicatEcological surveys to charactenze the ecosystem components and 

establish whether any adverse effects have occurred 

0 Toxicological-Toxicity testing and ecotoxicological studies to establish the link 

between an adverse ecological effect and the contaminant of concern 

These three types of data are also required to distinguish the effects of srte related contaminants on 

ecological endpoints from the influences that natural phenomenon may have on the same 

endpoints 

The pnncipal objective of the EE at OU 3 is to descnbe and quantlfy where possible the actual or 

potential ecological effects of RFP related contaminants on the biological receptors within OU 3 To 

accomplish this the EE actually has multiple objectives These include 

0 Characterize the ecosystem and biological receptors in OU 3 

0 Determine the types forms and quantrties of contaminants of concern wrthin OU 3 

(primarily completed by the RFI/RI site charactenzation) 

0 Define the extent of contamination 
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Based on exis€ing data, a preliminary assessment of nsks to txm and the environment wtll be 

petformed Ths subtask wtll use preliminary conceptual modeis and toxicity assessments along 

with available ecological information to estimate potentml nsks The exercse will asstst in 

identifying data gaps and emphasnrng the main exposure routes and uptake mechansms at OU 3 

Then using the results of the preliminary nsk assessment, the proposed nsk assessment strategy 

(Task 1) including the use of bKwnarkers and field sampling plan (FSP) (Subsection 83  of this 

E m )  will be reviewed and modmed 

8123  18&3-€dog ical Inve@tlgttkns 

The first acbvlty in thts task wdl be to coordinate with the RFI/RI site charactemation stud= at OU 3 

and nearby OUs to obtain the addmnal ab- field data needed to complete the€E The initial 

field actmes for Task3 will indude largely qualitatwe field suiveys to improve the initial site 

charactemation prepared in Task 2, search for threatened and endangered species record obvious 

stgns of impact on vegetation or animais, assess trophic rekmships among OU 3 and map 

habrtat types. The qualitative surveys will start in early spnng and wtll be repeated in the summer 
and fall to acquire seasonal data 

Ecological endpoints for the ecoioglcal stud= mll be selected using the conceptual models 

developed in Task 1, the ifom\atnn on COCs target species, and ate charactenstcs developed in 

Task2, and the Task2 preliminary ecological nsk assessment Quanhtative and more detailed 

qualitative field investigations mll be conducted in early summer and fall to describe habfiat types, 
sample test and control areas for quantrtatwe data on selected populations communities or 

ecosystems for comparative ecological studies and obtain plant and animal tlssue to determine f 
selected contaminants are being accumulated in l ~ n g  organsins At the c o n c l m  of Task 3, all 

field data mil be reduced and evaluated to prepare working documents for Task 8 Final Planning 

The subtasks within Task3 descnbed above are the main components of an ecological-based 

impact assessment program Tasks 4 through 7, descnbed below, represent the m n  components 

in the toxrclty-based impact assessment program These two programs wll be conducted 
* 
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concurrently so that the resutts become the main source of information for conducting a final 

planning step (Task 8) 

8 1 2 4 Task &Toxicity Assessment 

Task 4 will ental compilation of scientrfic llterature to prepare toxicity profiles for the COCs The 

scientrfic literature will also be reviewed to identlfy the specrfic concentrations of COCs that are 

known or expected to have toxic effects Task 4 will include compiling contaminant specmc ARARs 

such as ambient water quality criteria and other concentration levels or doses that reflect toxiclty 

This will be used subsequently in Task 6 to characteme nsks Finally dunng Task 4 inltial toxiclty 

test will be conducted and evaluated to determine d media (surface water and sediments) existing 

wtthin OU 3 is toxic to organisms These initial tests will follow standard EPA protocol using fathead 

minnows and Cerrodaphnra 

8 1 2 5 Task SIxposure Assessment 

In this task slte speclfic pathway model(s) will be developed based on the conceptual site models 

developed in Tasks 1 and 2 Then these pathway models will be verrhed based on the ecological 

field investigations conducted in Task 3 These source receptor pathway models will be used to 

evaluate the transport of OU 3 contaminants to target taxa the biological receptors The pathway 

models are based on a conceptual pathways approach (Fordham and Reagan 1991) which 

describes the actual or potential contaminant releases and an inltial determination of the movement 

and distnbution of contaminants at the slte The likely interactions among ecosystem components 

and the expected exposures and/or chemical intake will be estimated Task 5 will utilized the 

scientrfic llterature and data collected dunng the RFI/RI slte characterization to estimate or measure 

Concentrations of COCs at expected exposure points Existing information and other RFI/RI data will 

also be used to identify OU 3 specific factors that may influence the migration bioavailabilrty, or 

toxicity of the COCs 

‘ 0  
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Task 6 wU provide an anatys~~ of the nsk to ecological recepors posed by actual or potenttd 

exposure to OU 3 contammants Determinanons will be made as to the magnitude of the effects d 
contaminatm on OU3 bmta, The actual or paternal effects of contamination on ecological 

e n d m  (e g , speues diversity, food habns, produChv8y) will also be addressed Depending on 
the DQOs and the qualny of data collected the contaminabron lrsk draraaematlon will be expressed 

qualltabively, qwnthtivety, or as a combmatnn d the two If sufficient informatfon IS adable, 

Task 6 may also include preliminary derivatm of remediation critena. Development of these cntena 

unll include consderabon d (1) federal and Colorado regulatKHIs pertruning to presenmon and 

proWction of natural resouTcBs, and (2) RCRA nsk-based critenafor con- * ofcontaminants 

in emronmental medm 

8 1 27 Task 74ncertainty Andysis 

Task7 includes idenMylng assumptions and determining sources of error for evaluation of 

uncemnty in the emronmental rlsk assessment analysis. Informatm wdl be summanzed for the 

analysis of magnRudes d uncemnty and for addressing the level of confidence in the quantme 
values presented in the nsk characterzath The analysts wdl specify  source^ of uncemnty and 

Iimmmns of the EE Task 7 wll also indude Identificabon of addmnal data needs to calibrate and 

valtdate the exposure pathways models developed in Task 5 

8 1 2 8  Task f f ina l  Planning 

Task 8 will mdude planning of field sampling actrvities and development of additional data needs 
and DQOs for conduchng ecotoxicologcal field i n v v  * andbswesampleanalyses DQOs 

wll be defined according to EPA guidance (EPA, 1987c) Scoping and deslgn of the field samplmg 
stud- wdl be based on the outcome of the Task 2 preliminary ecological nsk assessment, the 
results of Task 3 field aurvities and the results of Tasks 4,5, and 6 The task will develop more 

spec& WOs, select field methodologies and refine the field sampling pian Field sampling will be 
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planned where acceptance cnteria for demonstrating injury to a biological resource will be satisfied 

in accordance wrth regulations under the NRDA (43 CFR Subtrtle 1 Section 11 62[fl) 

8 1 2 9 Task 9-Ecotoxlcobglcal Investigations 

Task 9 will include collection of samples for tissue analysis and any additional ecotoxicological field 

investigations according to the revised FSP developed in Task 8 Samples collected during the 

Task 3 field studies will be used when possible but new samples will be collected If necessary 

Task 9 will include tissue analysis studies to correlate the concentrations of contaminants in 

environmental media wrth concentrations in receptors Addrtional field investigations may be 

conducted to collect addrtional toxictty and ecological endpoint data for comparatrve studies and to 

validate exposure or dose models 

8 1 2 10 Task 1 M l s k  Characterization and ReDort 

Results from Tasks 8 and 9 will be used to assess the effects of srte related contaminants on biota 

at OU 3 and to evaluate population or ecosystem effects in a final contamination risk assessment 

Information on site charactenstics and contaminants characterization of effects, remediation cntena, 

conclusions uncertainty analysis and limitations of the assessment will be summarized in an EE 

report An initial draft report will be wntten which includes remediation crrteria and the final report 

will be prepared based on quallty control and technical reviews of the draft report 

Each of the preceding tasks is descnbed in further detail in Subsection 8 2 The field sampling plan 

presented in Subsection 8 3 addresses both the Task 3 ecological investigation and the Task 9, 

ecotoxicological field investigations 

8 1 3 OU 3 Contamination 

A number of chemicals are suspected to be present in the OU 3 soils surface water and sediment 

that may be related to past or current releases from the RFP Preliminary reviews of avalable data 
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show some chemicals, pnmanly certam radionucltdes in all medta and metals in surface water and 

sediments, are present in these medla at levels above detechon limfts and posslbly above 
background levels. Subsection 6 2 describes the procedure used to evaluate exsting data and 

determine whlch groups of potemal contaminants should be #Ickrded in the OU 3 RFVRl nsk 

assesmm programs, and Subgedion 8 2 gtves a prehmiary determ~mbon of COCs for the E€ 

porbon of The RFIFII 

The selechon process descnbed in Subsectm 6 2 and 8.2 ~t~ltzed exsting data from annual 
mOnRomg programs at the RFP, site charactentatfon stud= at OU 1 and OU 2 (both in the Woman 

Creek drainage), and surface water and sediment monmnng conducted by the Crtres of Broomfield 
and Westminster in rei- to ther dnnking water resewrs hated vvltMn OU3 For the 

identification of OU 3 spec& data analyses the data rwew focused on gnwndwater surface 
water and sediment data along Indiana Street, the westem boundary of OU 3 and the downgradmnt 

(eastem) property boundary of the RFP The assumption made was that if contaminants were tlot 
detected at these locations they are not likely to be pres&% in OU 3 The asmment consrdered 

frequency af -on, cmcmmon levels, mobility, t&ity, and historhi release information 

Summary tables of compounds detected M groundwater, surface water, and sediments and the 

results ofthe assessment, are presented in Appendo< B See Subsectm - 8.2 for the inthal selechon 

of COCs for this EE m i  process indicated that certain mhonuclldes and metals should be 

considered as contarmnants of concern but RFP-related organics are probably not present in OU 3 

Information from two recent studles that address potenmi cominatmn of OU 3 (DOE, 1991a and 

1991 b) indicate that the main contaminants of concern are plutonium and amenawn (a degradatton 

product of plutonium) These reports also indicate that these contaminants onginated pnmanly as 
wndboPne part~~~lates from OU 2, the 903 Pad and from opeattonal - actnmes at the RFP dunng the 

1950s and 1960s Most pnor studms of OU 3 and surrounding areas have focused on plutonium 

and ather radtonuclides, so very few data BXIS~S for other contaminants 

AddmA data on sltwelated contam~nantswll be collected during the RFI/RI (see Section 6 0) and 

WIU be used in assessing pcmrmal or actual risks to OU 3 baa Addmnal soil sampling wll also be 
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conducted in concert wrth vegetation sampling during this EE And as descnbed in Tasks 1 and 2, 
addltional effort will be made early in this EE to refine the identfication of chemicals of concern for 

OU 3 

Depending on physical properties contaminants may become differentially distnbuted among 

environmental media or among components within a medium The result may be drfferential 

exposure of species or populations to the contaminant The factors affecting distnbution in 

environmental media include 

Persistence the resistance to degradation by abiotic or biotic processes 

Volatility the tendency to volatilize thus reducing soil or water concentration 

Mobiltty the degree to which a chemical tends to migrate whin or between 

environmental media thus placing further resources at nsk or the chemical IS 

strongly absorbed or adsorbed on soil or sediment particles 

Solubilrty the solubilrty in aqueous solutions, which may affect mobilrty in surface 

and groundwater 

Differential Accumulation the tendency to segregate into drfferent environmental 

media or components of a single medium 

These factors were considered when developing the target analyte list for analyses of S p e c k  

organisms tissues or abiotic media in Subsection 8 3 

8 1 4 Biological Receptors 

An Initial slte visit was conducted at OU 3 to determine the principal habitat types evaluate the 

nature and extent of the existing terrestnal and aquatic ecosystems idem@ plants and animals 
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check the appropriateness of proposed sample locat~ons, and gather infortnabon to develop a 

prelimmary conceptual model of exposure pathways lmporwnt relatKKlships between OU 3 and 

upgradlent OUS, such as the nature of the Walnut and Woman Creek dratnages, were also studied, 

along with the topography afthe OU to identify llkely areasfor accumuktbn of airborne and 
waterborne materials In general, the infomatm acquired from the inhal sne VI& was used to 

formulatethe field sampling plan and cievelopthe proposed E€ approachforths OU Many afthe 

sne charauenst~~~ obse~~ed dunng the initial srre via, such as toposraphV, gedogy, and hydrology 

that will affect the pathway analysis in the EE, am discussed in the Introducm (Section 10) and 

Sne Charactemabon (Sectton 2 0) sections of thts RFVRl work plan 

The study area for the EE was ptelimmanly defined to help scope the EE process The OU 3 €E 

study area boundarms are baslcalty lndiia Street on the west, H@way 128 on the north, Simms 

Avenue on the east from Highway 128 south to 100th Street, and then generally the nearest 
readenbal streets east and south of Standley Lake (Figure 8-2) 

Terrestrial habnats have been modified by land use and dewlopment pa#ems The land uses that 

have extmely modified or changed terrestrial habrtats are, agridture for dryland small grain 
prodmon, construction ofthe three ~ e s ~ c v o ~ r s  and the dnches and dmnages that control surface 

water across the study area, former and present grazing by domestic animals, and housing 

developments The major habitat type on the uplands outskie the agrJculture fields and resewom, 
IS attered gmsshds (short, xenc mixed, and meac m o d  gtasshnd habitat types) Wetlands and 

npanan habrtats along drainages are small and controlled by water divers~ons and releases 

The grasslands are concentrated on the areas just east ofthe RFP along Indmna Street They are 

ather presently grazed or have been heawly grazed in the recent past, so that the spec= 
compoatmn and condmn are affected LOW graving grasses are common as are introduced 

grasses and weedy speclea Recent mwnsnre acbvlty by a large pram dog pOpuIatiCM7 have 
reduced many grassland habims to a weedy/forb stage The remed&tm acreage of 250 acres 
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wrthin OU 3 has not been effectlvely revegetated (see Subsection 2 1 2) Small wetlands along 

drainages and the edges of reservoirs are a short or tall marsh habRat type but may be seasonally 

dry due to water control and fluctuations The riparian habrtats consist of narrow zones of 

shrubland in the upper drainages such as Woman Creek and the drtch leading to Mower Reservoir 

or of single rows of cottonwood trees along the lower broader drainages 

Animal species that may be receptors of contamination include the fossorial rodents (prame dog) or 

the ground dwelling rodents such as the microtines Larger animals such as deer and raptors use 

the study area but are wide ranging and not confined to OU 3 

8 1 4 2 Aquatic Habitats and Receptors 

The aquatic resources wrthin OU 3 Include the reservoirs used for municipal water supply and/or 

irrigation (Great Wester Reservoir, Mower Reservoir, and Standley Lake), three ephemeral creeks 

that drain the RFP and the area just south of the RFP (Walnut, Woman and Upper Big Dry Creek) 

small usually dry drainageways tnbutary to the creeks and irngation dltches The Upper Church 

Dltch conveys water from Clear Creek to Great Western Reservoir (Broomfield s water supply) and 

in recent years represents the total water source for the reservoir except for locallzed stormwater 

runoff Water that formerly entered Great Western Reservoir via Walnut Creek is now retamed Whin 

RFP retention basins or dnrerted around Great Western via the Broomfield Dnrersion Dltch Two 

irrigation dltches the Croke and Highline Canals supply around 90 percent of the water going into 

Standley Lake This reservoir is the water supply for the Crties of Westminster Northglenn, 

Thornton and Federal Heights 

Standley Lake is a popular recreation area that supports stocked fish populations including 

largemouth bass channel a s h  rainbow trout walleye and several other species The lake has 

well established phytoplankton and zooplankton populations and poorly descnbed benthic 

macroinvertebrate populations Shallow portions of a few bays have submerged and emergent 

aquatic macrophytes Standley Lake IS a highly managed ecosystem since the main use of the lake 

is municipal water supply irrigation and recreation 
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Great Western Reservoir, as prev~ously descnbed, is a water supply resemoir Very lmle information 

IS avadabk on the fish, plankton, and benttuc invmebrate pop&bom in the lake Recreahonal use 
IS prohibned and access to the r m i r  w Jimlted The RFP and cdorado DNision of Wildlife file 

data mdcate Great Western may contain rough fish such as carp and buffalo Like standley Lake, 

Great Western Reservofr IS a hlghfy managed ecosystem that in recent years has not had any input 

fromitsnaturalwatemhed 

Mower Resetvar IS an imgatton supply reservoir s e ~ n g  local landowners. Discharge from the 
reservdr IS now severely restncted and water supply IS cumntly limited to flows wa a ditch from 

Woman Creek that apparently flows only dunng snowmelt and rainstorms The RFP currently retains 
much of the surface water flaw that formerly went down Woman Creek to Mower Resemr via 
Mower DUch Observat~ons dunng the initial site visit indicate that the water qualii in the reservoir 
IS good and the reservoir probably has a good benthic macrolnvertebrate populahon Dense 
catt;uls and wetland vegetabon occur along 60 to 70per~8nt oftheshorelrne No infonnakon on 
fish populatums IS available, but afew small fish were observed during the intlal site vmt. Waterfowl 
Uake all three ~ e s ~ c v o ~ r s  within OU 3, and ducks, gulls, and shorebirds were common dunng the 
stewsit in early October During themerand early spnng bald eagles have been observgd in the 

area, apparently feedmg on fish in the resBIvoIrs. 

Walnut Creek and Woman Creek tlow through the RFP before entenng OU3. Surface water 

management faalms (ponds and mterceptor canals) on both dreinages now mmn most of the 
sufacewater on the RFP, which has reduced the natural flow in these drainages Both creeks are 

nofmally ephemeral and dry much of the year, and the progresson of swface water management 

operaWm at RFP has hmited flows in Woman Creek even further and essentially hatted natural 

flows in Walnut Creek As a result, Walnut and Woman Creek wnhin OU 3 probably do not support 

any fish populabons The periphyton and bemhtc macrornvertebrate populabons, * Ifpresentare 

Strongty influenced by the seasonal water supply Upper Big Dry Creek and Smart Ditch are 

rel;anre3r small watersheds south of the RFP (Fwre 2-1) and drain pnmanly agricultural land They 
are- with nomralflaws m late summer and fall There IS essentially no rnformatKwl on 
the bmc resources of Upper tkg Dly Creek and Smart Ditch 
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8 1 4 3 Threatened and Endangered Species and Special Habitats 

OU 3 is predominately former agricultural land containing three large reservoirs, a few farms, and a 

few residential developments Dense highly developed residential areas are located on the eastern 

and southern edges of OU3 Information on threatened and endangered species and plant 

species of state concern were obtained from RFP files the Colorado Division of Wildlife and the 

Colorado Natural Areas Program 

Threatened or endangered animals that potentially could occur in the OU 3 area at least on a 

season basis include the bald eagle Prebles meadow jumptng mouse, peregflne falcon, and the 

black footed ferret (EG&G 1991 g DOE 1980) Bald eagles occur seasonally in the OU 3 area, and 

lately have been regular visttors during the winter around Standley Lake Bald eagles are regular 

seasonal visrtors or residents at Barr Lake and the Rocky Mountain Arsenal 25 to 30 miles east of 

the RFP Peregrine falcons may occur as rare visrtors to the area, and a nesting parr was reported 

in the front range foothills about 10 km northwest of the RFP in 1991 Black-footed ferrets are 

probably extinct in Colorado but the relatwely large colonies of prarrie dogs in the OU 3 area 

provide suttable habltat and food for this endangered species Other threatened or endangered 

animal species or candidate species may be rare visrtors in the area such as whooping cranes and 

mountain plovers but the OU 3 area is not their preferred habltat 

Four plant species that are listed by the Colorado Natural Areas program are potentially present in 

the OU 3 area Ute lady s tresses, Sprranrhes dr/wrdrs, is a federally listed threatened species that 

has been reported north and south of the RFP area and suttable habttat for this species occurs 

along Woman Creek Two species of special concern in Colorado the forktip three awn, Arrsbda 

basrramea and toothcup Rotala ramosror could potentially be present in the area although only 

the forktip three-awn was found at the RFP dunng a recent survey The forktip three-awn was also 
reported along Woman Creek in 1973 (EG&G 1991 g) 

Several wetlands occur within OU 3 primarily along Woman Creek, near the reservoirs and in small 

specfic areas downgradient of Church Ditch Wetlands in the onslte and offslte areas were 
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ldentlfied 111 conjuncton with the National Wetlands Inventory program and maps are avatlaMe from 

the U S  Fish and Wildlh S e ~ c e  Some wetlands wrthin the RFP have been delineated and 

checked by the US Army Corps of Engineers, and the Clty 05 Westm*mer recently delineated 

wetlands between 100th Street and Standley Lake and along Woman Creek upstream of Standley 

Lake These were also field checked by the Corps of Engineers. These wetlands wll be addressed 

in the EE as habims oS8peclal coclcesn because they support a d i i  assemblage of ptant and 

animal species and those along mapr dmnages are in areas where contarmnants from the RFP 

may have migrated Small marshy wetlands may also occur m OU 3 around seeps, such as th- 
observed west of Alktre Street between Woman Creek and Church Diich 

8 2 ENVIRONMENTAL EVALUATION TASKS 

Ths EE at OU 3 will collslst d q u a i i i  and quantitatnre apprawals of actual and/or potential 

impacts to hng organisms other than humans and domestcated species, due to contamination 

from the RFP The EE process is structured into ten tasks, from revlewing a#stmng SClentiAc 

infomratian to conductingfield ~nvemgamns to charactenzing rWcs These tentasks are described 

in the fdlowfng subsectm, and the intmdatmnships between Tasks am shown in Figure 8-1 

Methodolog= for the ecobg~A and ecoto~rcdogical field *meshgattons (Tasks3 and9) are 

described rn the Fseld Sampllng Plan (FSP) presented m Subseczion 8 3 

8 2 1 Twk l-lnltirl Phnnhrg and Concaptual Modd Development 

Ths task includes the intbal CoordinatKM effort to coordinate the hnplementahon of the EE at OU 3 

with the RFI/M, human health risk -, and EEs atatherapproPriateOUs Thestudy area 

and scope of work wll be defined, then the data quality obpctws Wal be identdhd. A major 
component of Task 1 was the development of a C017CBPSU8( srte model SIX subtasks are planned 
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Subtask 1 l-Coordlnate with RFI/RI Program and Other OUs 

The EE work at OU 3 will be coordinated closely with the RFI/RI sampling actrvities and human 

health risk assessment process at OU 3 The intent of this subtask is to coordinate the sampling of 

the abiotic media (soil or water) at the same location and time as the biotic sampling where 

appropnate and avoid duplication and inconsistencies when developing fate and transport 

exposure pathway and toxic@ profile information The site charactenzation for abiotic media is 

important to the EE 

The EE at OU 3 will be coordinated with the EE programs at other OUs especially OU 2 OU 5 

and OU 6 These three OUs are the onsite OUs east of Indiana Street that will address ecosystems 

similar to and upgradient of OU 3 Information developed by the onsite OUs will be acquired as it 

becomes avarlable and the selection of COCs target species and reference areas will be 

coordinated among these OUs The conceptual exposure models developed for OU 3 will be 

compared to the EE approach used at the onsite OUs to maintain consistency in the methodology 

for assessing risks 

Subtask 1 2-Define Study Area and Scope of Work 

The boundaries of the OU 3 study area and the plans for seasonal sampling was determined based 

on the initial site visit information and discussions with DOE EPA and CDH The detaded scope of 

work and boundanes will be described and reviewed with the same agenaes The scope of work 

will identlfy the ecosystems communities or populations that will be sampled in the field propose 

which ecological parameters would be measured and determine the extent of the literature reviews 

required for Task 2 The scope of work will also describe the specrfic interactions among the Tasks 

as the EE is implemented and schedule the Tasks and subtasks in the proper sequence 
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The primary objecthe of the EE is to collect the data necessaryto evaluate and quantify the nsksto 

brological recaptots Whin OU 3 The environmental assessment, along with the human heatth mk 
assessment, wll determine the need for remediation and provlde data for evahahng remedal 

atternahas, If necegsary Based on the above obpcttves and uses of the data, data qualrty 
o b ~ l v e s  @Qos) wdl be developed according to the process prescribed by EPA (1987~) The 

WOs quabtiveandquantitrrtive statements that describe the qualay and quantity of data required 
to meet program obpcttves, mll be developed following a threegtage process 

0 Stage l-ldentlfy decfflon types 

Stage 24dentdy data uses/needs 

0 Stage 3-Destgn a data cdlechon program 

These three stages were conducted to the extent posslbk dunng the preparatm of thrs work plan, 

and mll he updated early in the implementatm of this EE The Stage 1 and 2 actrvitres completed 

dunng the& plan dgvelopment are described M Seaon 50 The Stage3 process conducted 
during the work plan resulted in the field sampling plan presented in Se&on 8 3 

Dunng theearly stages of implemngthe  EE the DQO process win be rewewed and updated as 

more idonnabon becomes wadable and site conceptual models are refined The data uses and 

needs described in Sectm 52 will be msessed based upon refined pmject objeu~~es, and final 

&ails of the FSP wfll be made pnar to start~ng Task 3 of this EE 

Subtask 1 4-DeWop sckdion Criterfa 

Implementabon of the EE mll require selectfng contaminants of concern, target species or 
communibes and reference areas These will be selected uslng a set of criteria and prooedures 

that are applii sltewrde The selectm mtena and processes have been inwly developed and 

are S u m m e d  below Furthermore, the contaminants of concern for the OU 3 EE have been 
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tentatlvely identlfied and are presented in Section 8 2 2 Subtask 2 4 This subtasks will review the 

most recent selection cnteria and guidelines and coordinate final cnteria selection with other OUs 

The final cntena wll then be used in Subtasks 2 4 to conduct the actual selection of COCS target 

species and reference areas 

The cnteria for selecting COCs were developed in concert with EG&G (1991h) and have been 

reviewed by EPA The cntena are arranged in three general categones documentation of 

Occurrence of the chemical in environmental media ecotoxicity of the chemical and extent of 

contamination at the site These cntena are discussed in more detail below 

1 Occurrence-the known or suspected occurrence of a chemical in enwronmental media will 

be ascertained from 

e Existing data from abiotic media (soil water air) or from biota 

e Waste stream identrfication and disposal practices 

e Process analyses to identify potentially hazardous substances used in large 

quantities 

e Histoncal accounts of use or accidental release 

The resulting list of chemicals will then be evaluated for ecotoxicity and the extent of 

contamination at the site 

2 Ecotoxicrty-for purposes of inclusion in COCs the ecotoxiclty of a chemical will be 

determined from its documented adverse effects on biota, or its potential adverse effects on 
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mronmental processes A chemical vvlll be consuiered for inckwKKl on the llst of COCs if, 

at levels detected within the OU, rt exhibits 

0 Acute and chrontc toxic@, including moltality and teratogenicrty, or 

0 Sublethal toxidty, including reduced growth rates reduced fecundity, and 

behgvKwalelfects,or 

0 Adverse effects on enwonmental processes such as reduclng drssohred oxygen 

cammaions in aquat~~ habnads 

Theabove idomanon ' wll be extracted from federal or state regulatory guidelines chemical 

information and data bases or scientific literature The ramking 1st of chemicals will then 

be evaluated for extent of contaminatm at the site 

3 Extent of CoMaminabon-the extent of contarmnation may result in signifkant expo6ure of 

ecdogical receptm The EE will make full use of musting data for assessing the nature and 

extent ofcontarmnatm of abiotic medmat OU 3 A chemd wdl be lnduded on the 1st of 
COCS k 

0 It IS present above natural background concentrations as demmimd by the Annual - 
Background oeochemd Ctmmctenzat~on Report fortheRFP andeither 

- It IS present above regulatory standards or ARARS, or 
It IS present above nsk-based%cceptable levels', or bath - 
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In adddion a chemical may be included as a COC rf 

It is reported in greater than 5 percent of the samples analyzed for a gwen area 
and at least one of the following 

It is widely distributed or 
- It occurs in ecologically sensdive areas such as wetlands or seeps, or 

It occurs in localized areas of high concentration ( hot spots') - 

Chemicals that satisfy the above cntena for occurrence toxicity and extent were partially identfied 

and are descnbed in Subtask 2 3 

A relatrvely small number of target species or target taxa (for example the benthic 

macroinvertebrates in a stream) will be selected to assess the effects of site-related contaminants On 

biological receptors and to assess bioaccumulation of contaminants The target species will be 

representative of the organlsms at OU 3 and will be species that are likely to exhibit the effects of 

the RFP contaminants The selection crtteria will follow guidelines recently proposed by EG&G 

(1 991i) and separate cnteria will be used to select target species for destructive sampling (e g 

tissue analysts) and nondestructive sampling (eg population surveys) The critena for target 

species may include the following 

Must potentially exhibit the effects of the COC 

Have a home range relative to the area of contamination 

Be economically important 

Represent an important component in the structure and function of the ecOSyStem 

DEN/FLATS17/001 51 OU 3 FinaVl246-91 



M&O ROCKY FIATS PUNT Mmurl 
RFVRl Work PI- for OU 3 

Section a 

pago 28Of129 

Category Final Organoation RPD 

Revision 1 

EffectiveDate 

0 Be relatnfely abundant, so that destructwe sampling will not impact the natural 

PPU-  

0 Have the potential for human consumptm and pose human health hazard 

Reference areas, fneeded, must beselectedsothey are as comparable as possibleto theonsm 

sampkng areas Separate cntena will be developed for selecting aquatic and terrestrial refer- 
lomom m e  cntena will be r m e d  and compared to criteria used at other OUs, to ensure that 

conststent approaches are used Also, n IS likely that one reference areamay sew0 as a reference 
or control site for several ous. cnterla for te- areas may include habitat type habitat sue, 

sofl type, slope and aspect, and proxlmny to adJacent habnats. criteria for aqUatlc arms may 
include water depth, flow vekrcity, wbstrate type, bank cover, and general water charactemtcs 

(eg, hard-, pH range, etc) 

Preliminary conceptual models af contaminant exposure pathways have been developed for OU 3 

using infmnatm from adable scfentifx studms (Figure 8-3, and Figures 2-13 and 2-15 in 
Secbon 25) These models were used to evaluate the potential r&sks of OU 3 contarmnatm to 

human and brdogical receptars, and provfde some of the rationale for the proposed tasks and 

sampling plans presented in ths work plan The pnmary purpose and use of general conceptual 
models IS discussed in more detail in sect#M 25 

During the early stages of the E€, the prehminary conceptual models will be revlewed and refined to 

amst m m n g  exposure pathways, dectmg COCs and target specless and &eWng 

ecdoglcal field programs The conceptual models WIN help clarify and evaluate several of the 

pmesses in the exposure assessment, such as 

0 contaminant release mechantsms 

Fate and transport in environmental medm 
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Exposure routes 

Relattve susceptibillty of receptors 

Types of impacts 

Additional models may be developed to evaluate specific food chains or food webs or assess 

bioconcentration or biomagnrfication processes in terrestrial or aquatic ecosystems Also after 

addrtional information is acquired during the llterature review in Task 2 the conceptual models will 

be reviewed and modrfied as appropriate 

Subsections 2 5 1 and 2 5 2 discuss the conceptual models for surface soils and the reservoirs 

respectively These sections summarize the nature of the radionuclide and nonradioactive 

contaminants at OU 3 as presently known describe the contaminant characteristics release 

mechanisms and fate and transport issues and present the most plausible exposure routes to 
human and biological receptors 

Subtask 1 GDeveior, Risk Assessment Strateav 

There are several methods or techniques for assessing risks to biological receptors at hazardous 

waste sltes Some of these are primarily qualltative others are quantltative To reduce uncertainty 

in ecological assessments two or more techniques can be used to asses the influence of a gtven 

contaminant on the same target species and If the results from the ddferent techniques support the 

same conclusion the degree of uncertainty decreases This approach of using two or more 

techniques to assess the effects on one target taxa is referred to as the 'weight of evidence' 

approach in this work plan 

This subtask will involve reviewing several assessment techniques and recommending the most 

appropriate mix of techniques for OU 3 This review process will incorporate information gained 

from the preliminary conceptual model and consider the data qualtty objectives developed in 
Subtask 1 3 Furthermore as more information is acquired during Task 2 the risk assessment 
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strategy will be reviewed and modmed as appropnate Fnre techniques that may be used to assBss 

mks at OU 3 are briefly described below 

Mahod l-Comparing ExpoMlro Polnt Concentrations This method involves compmng the 

concentratmns of a contaminant at known exposure points to published cntena, or regulatory 
standards, or to concentrations or doses known to cause adverse or towc effects Thls cornpanson- 

to-cntena approach, employing criteria and toxictty values that have been estabiished from the 

towdog id  llterature is an important component in the process of charactemng nsks and IS 

frequently the technque used to make some inltlal assessment at the slte 

Mahod 2fv.lucrtlng Towicity Teat Data A second risk anaiysls method invokes companng or 

extrapolatmg data from laboratory tmaty tests to exposure of natural m e  populatm~ For 

example, concentrations of a contaminant in water at an OU 3 sampling station might be compared 
to laborqq tests that determined the lowest obsenrable adverse effect level of that contaminant on 
fathead minnows Or, the concentrations of a contaminant in soil and vegetation at OU 3 might be 

compared to tests that studied lethal dmes for laboratory mtce exposed to sail and vegetation 

contaming that contaminant Appropriate correction factors must be applted to incorporate 

vanabilny among specms and llfe stages and account for differences between cOndRions in the 
laboratory and in the natural environment. The methad vvlll indcate what concentrations of a 
contaminant mght be considered safe A logical reftnement of this method would be to conduct 

tox#;tty tests on m e  spec= using water or soil from the OU 3 area, and simulatmg environmental 

condam as much as practd 

Method 3-Comparing Ecological Endpoints or Bianurkers A third method is based on 

companng OcIsRB populations in known or expected contaminated areas to similar populations at 

reference (upgradient uncontaminated) areas Populatm parameters (such as growth, 

reprodurnon, and mortaldy rates) or communtty parameters (such as spec- dnrerstty, standing 

crop, and productnrny) will be used to assess the differences between impacted and nonimpacted 
areas Blomarkers are speak effects on target organwms that can be assess& in the field for 

target species or populations 
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Method Momparing Estimated Intake Rates This method is essentially a doseresponse 

approach that uses acceptable chemical intake rates from the literature If the ratio of the estimated 

chemical intake to an acceptable chemical intake exceeds 1 0 (unty) for the defined exposure 

scenario there is an indication that the exposed species may be Subject to an adverse impact If 

the ratio is below unity it is generally assumed that no adverse impact will occur This method IS 

similar to the approach used for human health risk assessments 

Method 5-Evaluating Bioaccumulation Levels In the fifth method exposed populations will be 

examined for contaminant speclfic concentrations to determine d the contaminant is accumulating in 

the individual organisms that make up the population The bloconcentration factors mll be 

compared to published sources for possible effects or tissue concentrations that may adversely 

affect the organisms 

8 2 2 Task 2-Data Evaluation and Preliminary Risk Assessment 

The principal subtasks in Task 2 include addttional review and evaluation of existing literature for a 

data compilation charactenzing O U 3  based on existing datdllterature identrfying data gaps 

identrfying COCs target species and reference areas preparing an initial nsk assessment and 

modifying the nsk assessment strategy and field sampling plan d warranted 

Subtask 2 l-Review, Evaluate, and Summarize Existing Data 

The initial and principal activity in Task 2 will be acquiring addltional existing literature on OU 31 on 

similar ecosystems and on the contaminants of concern and evaluating that information Data from 

ongoing monltoring programs and existing literature available from DOE and EG&G (the operating 

contractor at the RFP) will be acquired, along with literature from state and federal agencies and 
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un- Task 2 will focw on accumulating, anatyung, and Summanztng ewsting lnerature m 
three major areas 

0 Blata present at OU 3, population and community chamctermcs, and food web 

interdabomhips 

0 Types, =-om, and distribmon of contaminants in erwrronmental media, 

including soil, suface water, witmas and baa 

0 Contaminant release mechansms, fate and transport of COCs, tomcity of COCs and 

patma exP=Jm pathwarys 

The e m n g  physd and chemlcal infommon for OU 3 sRe charactemation, as well as the extent 

and dstrrbutlon of contaminants in the immedtate wnity, are evaluated and summarized in two 
recent DOE reports the Final Past Remedy Report (DOE 1991a) and the Hlstoncal Information 

Summary and Preliminasy Health Risks Assessment (DOE, l a b )  These reports and thew 

append- were extensively used m ths preparation of this EE These two reports s u m m a  

several prev~~ls studtes dthe dfsne area east d RFP and #Idude a qualitative humanheatthnsk 

asesmmt for the four IHSSs wittun OU 3 The prior investigations spedfically targeted dfsfte 

contaminatm as a result of past mieases from RFP, pnmaniy plutonium and rts degradatm 

product, m c i u m  As documented m the two DOE reports, data on other types of contamrnants 
are limlted and the data from the d e r  reports generally do not meet current qualw control 

standarcisto support a ngorous quamtatm health nsk assessment The two M)E documents do 
not dwcuss environmental nsks, and have not presented or summanzed the informatKHI avahble on 
terrestrial and aquatlc BcoGystems 

A number of other reports and data reaoutces nnll be revwed for general and slte-specffic 
informatKurforthe ecobgd nsk assessment These include reports by federal, state, and county 
agencres, studies by local unhrersities that are currently being or have been conducted for DOE 

and ongolng programs at Standley Lake such as the limnological study by the U S  Gedoglcal 
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Survey (USGS) and the Standley Lake Protection Project by the Crty of Westminster The collection 

and review of the existing data base on terrestrial and aquatic ecosystems wetlands and flood 

plans threatened and endangered species soils and other topics will in itself be a signdicant task 

It will guide how each of the subsequent tasks are to be conducted The information and data wdl 

be systematically evaluated for usabillty and compiled into a data base system to be set up as a 
portion of Task 2 

Sttespeclfic information and the scientlfic ltterature will be reviewed and analyzed to provide a 
comprehensnre data source for the EE The data evaluation and analysis task will review the 

existing data base to assess the following 

e The identtfication of possible additional COCs 

e Site-specrfic characterrstis (climatology surface water groundwater soils, geology, 

hydrology geochemistry and terrestrial and aquatic ecosystems) related to the 

release transport and uptake of contaminants 

e The adequacy of data and additional data needs 

e The identtty of the plants and animals that make up the Inring component of the 

ecosystems 

e The mechanisms that result in the exposure to contaminants and uptake by biota 

The assessment of toxictty or other effects of the contaminants on the living 

organisms at OU 3 

e The estimated potential or actual adverse effects on the plants and animals that 

resutt from exposure to stte contaminants 
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The foilowing sources will be used to acquire general infomanon and slte spec& data, this 

infomatm wII be incorporated into the data base establlshed for OU 3 

0 Project and data files mammned by EG&G, including the background (geochemical) 
charactenzat~on stud= and the annual environmental sunreillance program reports 

mcluding offsite areas 

0 Studies on radmrwchde uptake, retenbon, and effects on plant and animal 

populat~ons conducted by the University of cdorado and colorado State Unnrerslty 

on the RFP and on OU 3 

0 The Rocky Flats Emnmental Impact Statement data base 

0 Sampslng results from ongolng RFYRl programs at OUs 1 2, 5, and 6 including 

ecocOglcal iwest~atnns slmtlar to those proposed here for OU 3 

0 The scienMic literature, including ecdogical arid nsk 88s8ssment reports at tha 

fdlawrng DOE facihes 

Laboratory, Brookhaven Natmal Laboratory and the Nevada Test Site 

Oak Rdge NatmaI Laborabory, Los Alamos Naonal 

Ths data revlew/evaluatm task will culminate in a working document that wll summame the 

cumulatnre inventmes of Rora and fauna in the OU 3 area, present preliminary exposure pathways 

forthe bdogml recqxm, and s e m e  popu(atKHIs. The exlswcgfilesonthreaened and 

endangered species will be summanzed and cont(lcts will be made HIlth the U S Flsh and Wildlife 

service, Cobrado DNlsion of Wiwlii and the Natural Areas Inventory Program to update files if 

needed The working document wdl be used to communicate to DOE the pnnclpal data gaps that 

exla relatrve to the ecOloglcal nsk assessment 
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Subtask 2 24evelop Initial Ecological Slte Characteruation 

Environmental and ecological resources at OU 3 will be characterized on the basis of reviews of 

existing literature and reports including results from the RFI/RI and other OU RFI/Rls This 

information will be compiled and used in the preliminary risk assessment (Subtask 2 4) for pathway 

and exposure analysis The description of the site will be presented in terms of the following 

resource areas 

0 Soils and sediments 

0 Surface and groundwater 

Meteorology/air quality 

Terrestrial ecosystems 

Aquatic ecosystems 

The purpose of the site charactenzation is to describe resource conditions as they currently exist 

The narratlve with supporting data will include descriptions of each resource There will be 

appropriate tables and figures to clearly and concisely depict site conditions particularly as they 

influence contaminant fate and transport and the likelihood that the contaminants may adversely 

affect biological receptors 

Terrestrial and aquatic species in the RFP area have been described by several researchers Quick 

1964 Weber et al 1974, Winsor 1975 Clark 1977 Clark et al 1980 CDOW 1981, and CDOW, 

19828 1982b In 
addition terrestrial and aquatic radioecology studies conducted by Colorado State Untversrty and 

DOE (Johnson et al 1974 Little 1976 Him 19n Paine 1980 Rockwell International 1986) along 

with annual monitoring programs at RFP have provided information on plants and animals in the 

area and their relatlve distribution More recent data on species distribution and abundance will be 

obtained from the baseline vegetation and wildlife studies and EEs undeway at OUs 1 , 2 and 5 

Many of these reports are summarized in the Final EIS (US DOE 1980) 
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Subtask23 Identify COC8, Targat Species , and Reference Ar# 

Thii subtask represents a cmbnuatmn of Subtask 1 4 In thts subtask there IS an inltlal Identlfic;rtlon 

of COCs and target speues wng selection cntena developed in Subtask 14, and add- 

informahon on OU3 contam~nants and biota, The final sdecbon of Cots, target species, and 

reference areas wdl be made dunng the implementation of the EE A summary of the potenttal 

contarmnants for tenestnal and aquatic ecosystems are pregented in Tables 8-2 through 8-5 These 

tables are preliminary lists snce the present iformatm IS not completed or verified and the 

summary table was constructed from readily awlable informatron 

Table 8-6 illustrates haw the ch8rac&enshcs of the potent~al COCs were compared to the selection 

cntena, to generate the preluninary 1st of COCs T ~ I S  table IS incomplete and was included in the 
work plan as an example of the format to be used during the EE irnplementabon These criteria 

indude the physical propert16~ of the contaminant (such as Sdub~Iity in water and aMty for soils) 

resaance to degradation (both chemical and bidogical) and tendency to bmccumulae Based 

on thstabie and the currently ava~lable informatron on OU3, the critena presented in Subpask 1 4  

were appked to expected we cantam-, prov~d~ng a preliminary 1st of COCs for terrestrial and 

aqmc sampkng (Table 8-7) Dunng implementation of Subtask 2 3, t h ~ ~  prebmnary 1st will be 
revwed and reMsed based on the addhonal informahon acquired durmgTasks1 and2 The 

COCsHnll also be wed based on the regulatory status ofthe potential contaminants, and on the 
nature and extend of contamim The final lrst of COCs will PrObaMy be limned to metals and 

radionuclides 

A preliminary 1st of target species was also developed based on the initial stevwit, and uslngthe 

exisbng informat1011 and mteria proposed by EG&G and is presented in Table 8-8 The target taxa 
were selected rtslng informaslon on the common plants and animals that occor within the OU 3 

study== - ' cntena mcluded, the species importance in the structure and functm of the 
ecosystem, their economic importance or value as a sport spews or aesthet~~ resource, thetr 

ava~labilii, and thar a&il@ to accumulate one or more of the COCs. Separate lists of target species 

w1u be developed dunngthe EE forspeclesthatwU be subject to destnrcZNe and nOndestructrve 
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TABLE 8-7 

PRELIMINARY US1 OF CONTAMINANTS OF CONCERN 
FOR OU 3 ENVIRONMENTAL EVALUATION 

Aquatic 

Uranium 
Plutonium 
Americium 

Chromium 
Beryllium 

Nickel 
Lead 

Mercury 

Terrestrial 

Plutonium 
Americium 

Uranium 
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POTENTlAL TARGET SPECIES 
AND HABITATS FOR ASSESSMENT OF ECOLOQtCAL IMPACTS 

AT RFP OPERABLE UNIT NO 3 

F$h 

Herbnrores 

GrasseS 

TreeS 

Wetlands 

westemwheatgrass 
Blue grama 

Cottonwood 

willaws 
cattails 
sedges 
Rushes 
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sampling and the capabilty of the natural populations to compensate to sampling pressure (I e not 

be affected by sampling) will be considered This subtask will produce the list of target species that 

will be addressed dunng Task 3 Ecological Investigations and Tasks 4-7 the Toxicty Based Risk 

Assessment Program Based on the model (Subtask 1 5) a modhed list of species will be compiled 

using toxicological information (toxicity assessment) to determine which species or species groups 

might be most affected by or most sensltwe to the COCs 

Reference areas may be used to assess impacts at OU 3 In order to use this approach sultable 

reference areas must be available The decision to use reference areas will ultimately depend upon 

decisions regarding the risk assessment strategy (Subtask 1 6) upon the avalabilty of sultable 

reference areas and the presence of appropnate populations and communlties for measunng the 

necessary ecological endpoints The decision process for using reference areas is presented in 

Figure 8 4  

Reference areas will be selected according to procedures presented in SOP 5 13-Development of 

Field Sampling Plans and the crltena developed in Subtask 1 4 Reference areas for terrestnal Sltes 

will be selected on the basis of habltat type (see SOP 5 11-Identification of Habltat Types) soil 

series topography and aspect Reference areas for aquatics will likely be limned to selecting a 

small front range reservoir similar to Mower Reservoir Selection crtteria would include lake size and 

depth water source tendency for stratiication substrate type and shoreline vegetation 

Subtask 2 44evelop lnnial Ecological Risk Assessment 

This subtask will use all the information acquired during Task 1 and Subtasks 2 1 to 2 3 to conduct 

a preliminary ecological risk assessment The principal objectives of this exercise will be to assess 
the appropriateness of the risk assessment strategies that were proposed in Subtask 1 6 identrfy 

data gaps and determine how to fill the data gaps The preliminary assessment will be based on 

some assumptions and the conceptual exposure models developed in Subtask 1 5 During 

subsequent tasks in the EE the assumptions could be verlfied and the conceptual models would be 
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updated The preliminary risk assessment will address the COCs and target species selected in 

Subtask 2 3 

The initial ecological risk assessment will identrfy the potential hazards and exposure pathways at 

OU 3 and determine f exposure pathways are complete A complete pathway must include a 

contaminant source release mechanism transport medium exposure route and an intake (uptake) 

mechanism into the receptor This subtask will also evaluate the fate and transport of the COCs to 

the extent possible using available data Available data will be used to prepare preliminary toxicity 

assessments for the COCs and develop toxic@ profiles During preparation of the preliminary nsk 

assessment the techniques proposed for assessing risks will be evaluated Information will be 

accumulated to developed dose response data sets for the COCs where possible and determine 

which COCs and target species can be studied using a toxicity based approach Similarly the 

cornparatwe ecological approach will be evaluated for other COCs and/or target species and d the 

approach is deemed appropriate specfic ecological endpoints will be selected The potential 

impacts of RFP-related contaminants on target species or taxa will be estimated to the extent 

possible using available information 

The development of a preliminary ecological risk assessment will clearly show where data gaps 

exists These data gaps may indicate the need for more information on the natural background 

concentrations of COCs (for example uranium and plutonium) more data on OU 3 contaminant 

concentrations more information on the fate and transport of some COCs or more information to 

determine the uptake of a COC by a particular biological receptor 

Subtask 2 H e v i e w  and Modify Strategy and Field Sampling Pian 

A substantial quantity of new information will be acquired during Tasks 1 and 2 This new 
information will be used to confirm rf appropriate COC and target species were selected, and 

determine if the techniques proposed for the EE are suitable and adequate This informatron also 
will be used to evaluate and revise the conceptual exposure models Therefore the last subtask in 

Task 2 will be to assess all the information and knowledge acquired at that point and review and 
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moddythe risk assessment stmtegy prepared m Subtask 1 6  mvbcm - wouldalsobe 

made to the exposure models if necessary 

Furally, the FSP presented in the EEWP as SubsectKJn83 will be revlewed and revised as 

necessary before rnpimmtmg the fieid actnnties described in thefotlawinglask 3. The proposed 

cornparashre ecology studii nnll be ewbsaed to make sure that appropriate ecological endpoints 

of COCsandtargetspecles. Also, f reference areasare propoged, asirevlsltwoukl beconducted 

to confinn that the reference areas am comparable to the test areas within OU3, and that the 

reference amas are selected m acmdame wnh EE work at ather OUs The FSP d\ also be 

revleWed to assBss I& mpabbdity to the NRDA program 

will be used, and the proposed toJacity ~ W U  be evaluated and revisedto address the final lIst 

The pnw objecbves of thts task will be to characterne the she with respect to edoglcal 

resources and accpnm data to determine the ecological consequences of selected COGS. The 

8ctMties conducted for the task, therefore, wdl indude qualRathre and m i V e  Sum to 

stud- to measure ecologcal endpointsthat mlght refkt  the effects of s8e-related contaminants. 

-typesof activbs are refemd to in thls EE work plan 88 assess- 

approaches that generally requre only Ron-destructtve sampling 

characterize the populahons and communitms at OU 3, and qumtbtb -nI=--=wY 

Thts task will also include coileczlng plant and animal samples and analyung these to measure the 

amount of contarmnants in the ttssue Thls type of sampling s destmtm, and pmwdes data for 

--Plrng The- ' sampling a c t ~ ~ l e s  that provide daEa for tm based 

approaches are referred to in thw EEWP as ecotoxicobgicali~m 

toxlclty-basd a p m  Toxicity ter#mg, described under 1- 4 and 9, anather type 
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This task is primartly field studies that are grouped into four subtasks, and three of the four are 

ecological investigations The sampling methods and protocol for these actwtties are presented in 
detail in Subsection 8 3 tttled Field Sampling Plan 

Subtask 3 1 Site Characterization Program 

Qualttatrve and quantttatwe field studies will be conducted to characteme the abiotic and biotic 

components of the ecosystems at OU 3 Qualttatwe field surveys will be conducted in the spnng, 

summer and fall to obsenre and record the plants and animals present wtthin the OU map habltat 

types and investigate the interrelationships between the biotic and abiotic Components The 

qualttattve surveys will be conducted to improve the inttial stte charactenzation developed in Task 2 

that was based on extsting reports and data bases These sunreys will also be used to search for 

threatened and endangered species and confirm the accuracy of maps prepared from the inttial slte 

vistt of areas of special concern such as wetlands and nparian zones 

The physical and chemical data required to characteme the abiotic components will be collected 

during the qualaatwe field surveys using observations and field instruments, and na  analyung the 

soil sediment and water samples collected during the RFI/RI sampling descnbed in Section 6 0  

The objectwe of this sampling is to determine the presence absence, and concentration gradients 

of potential stte contaminants Although the media sampling and the ecology sampling descnbed 

for this task is referred to as the environmental evaluation sampling both biotic and abtottc 

components will actually be surveyed and collected during the same time pen& sometimes by the 

same field crew 

Data on abiotic media will be collected to determine to presence or absence, and concentration 

gradients of COCs wtthin OU 3 Data on atr qualtty and transport of atrborne particulates will be 

obtained from existing reports and the ongoing sttewide air qualtty monttonng program at the RFP 

These data will be used to assess exposure via inhalation for those COCs and target taxa where 

that pathway is considered to be signficant (Subtasks 1 5 and 2 4) Surficial soil samples will be of 

Pnme importance for determining source contaminants for biota This uppermost layer IS a major 
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source of nutrients and contaminant uptake for the vegetatlon under study and IS also a potential 

source of contaminants to soil dwelling animals and irwertebrates, and thetr predators Also flu* 

moving through the soils can leach contaminants, transport them through available flow paths, and 

deposit them in downgradient mronments 

Data on contaminants in surface water and sediments at OU 3 will be required because the 

dramages mpresmt a principal transport mechanism for m n g  COCs from the RFP to OU 3 The 

prelimnary conceptual model for OU 3 (Fiiure 8-3) a h  lndscates that sum water rrnd sediments 
are important transport medta to both aquatic and terrestrial ~ l s m s .  

Quanktahve samples of selected target taxa (popukrtions and cxmmmes) will be collected during 

thespnng and summerto providesite charactermon data For example, plant communtties wU be 

sampled to determine domrnant species, variety o f  plants presea, percent CQvBr, and plant 

b~#nass ~ n u n a ~  popuhtlons and communities wn be sampred to determine relative abundance d 
the more common spews, spaW distnbua0.n 58QIsonid occurrence of difterer# lsfes~ges, euldence 

d reproductive success and dwersity of species within the community 

The general I#dog~A componentsof OU 3 have been described by p r e v ~ ~ ~ s  mes@a&m W E  
1980 and 1991a, DOW 1975 CSU, 1974) However, more 88865)8clfjc m f m i o n  must be 

acquwd to adequately describe the b~obgtcal receptom at OU 3 and understand the relattonshps 
between these receptors and between the receptm and thar  physical envuonment Methods 

identtfied and described in the Ecology SOPS (Volume V) (Em 1991b) will be used in cdlechng 

brdogtcal data and samples and a detailed field sampling plan IS presented in Subsectm * 83 The 

emphasts wtll be to describe the structure of the bidoglcal communities at OU 3 in order to idenbfy 

patentlalcontamkwntpathwayswireceptors~wrgetspecles 

The qualitatwe and quamabve field invmtgattot~~ described in Subtask 3 1 wll also be designed to 

acquire add- mnformatm on exposure pathways habttat preferences of target taxa, and food 
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habrts The conceptual model developed in Subtask 1 5 and the inltial ecological nsk assessment 

developed in Subtask 2 4  will identlfy data needs for completing the exposure pathway analyses 

These data gaps will be filled d possible during this subtasks 

One objectwe of this subtask will be to verify that the exposure pathways between COCs and target 

taxa that will be evaluated quantltatwely are complete To quantltatwely evaluate exposure 

pathways much of the information on home ranges intake rates and food and habRat preferences 

will be obtaned form the IRerature However field studies will be used to fill data gaps in the 

llterature base and verw that the data and information obtained from scientrfic reports is applicable 

to the environmental condsions at OU 3 

Subtask 3 3-Conduct ComDarative Ecoloav Studies 

In many cases there is not enough information in the existing literature to estimate intake rates 

understand how contaminants are metabolized or define acceptable intake levels This is true for 

the concentration levels of plutonium already measured or expected on OU 3, wlth averages 

estimated at 0 085 to 22 1 picocunes per gram (pCi/g) (DOE 1991a, 1991 b) In these cases lt IS 

more appropriate to develop a field program to measure an indicator of contaminant stress (toxicrty) 

rather than undertake the extensive laboratory and field studies needed to assess the toxictty using 

the quantitative dose response approach These indicators of contaminant stress are referred to as 

'ecological endpoints Rather than trying to assess toxiclty itself the ecological endpoint approach 

measures a specdic end result of toxicrty, such as a decrease in the growth of plants or a change in 
the relatrve abundance of species that are sensltwe or insenstwe to certain contaminants 

Since natural ecosystems respond to numerous parameters such as temperature changes (abiotic) 

and predation pressures (biotic) as well as to toxic substances (the COCs) the ecological studies 

are usually designed to measure speclfic ecological endpoints in both contaminated test areas and 

uncontaminated reference (control) areas The assumption of this approach is that the populations 

or communlties being studied in the test and reference areas are identical except for the presence 

of the COCs in the test area Therefore rf differences are measured in the ecological endpoints the 
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differences are due to the effects of the COCs The selectnn of the reference ~ 8 8 s  IS critical and 

has been described previously in Subtasks 14and 23 In some cases it may be possible to detect 

the influence ofacontaminant by measuring an edogsal endpoint inthetest area, and compar~ng 
that data to informatron obtruned form exmng literature 

There are numerous endpomts that can be used to measure potential differences 

between teat and re4erenoe areas Ecobgkal endpolnts at the population or community levels are 

frequently easier to quantify than those at the ecosystem level because of the greater inherent 

vanabrlity at the more complex Bcosystem level However, some endpolnts at the Bcosystem level, 
such as nutrient loss or retention, can be easy to measure and sembve . to some contaminanEs. 

Examples d ecological endpoints include 

0 Population abundance-number of Kldivlduals of one specles in a g m  area 

Age structure-number of individuals withtn several age classes or lrfe history stages 

in the populatm 

0 Spec- dwmw-the number of spectes within a commundy in a paft~~ular area 

0 Tmph~~ dnrersity-the number o f  diffmnt trophtc levess wtun a community or 

ecosystem in a pamcular area. 

The target taxa, reference areas and ecological endpoints that wtll be used for this subtask wll be 

selected during Task 2 (Subtasks 2.22 3, and 2 4), and the field procedures will be designed into 

the field sampling plan dunng S U M  25 Ecologtcal endpoints will be selected using critena 

developed in Task 2 Criteria for good endpoints rmgM indude 
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0 Abillty to measure the endpoint accurately 

Availabillty of information on the endpoint in the llterature 

Consistent and easily recognlzed response to the contaminant 

0 

If ddferences are observed in one or more ecological endpoints between test and reference areas 

then addltional studies may be necessary to determine If the observed drfferences are the result of 

contamination rather than some other factor If adddional studies are required they will be planned 

dunng Task 8 and conducted during Task 9 

Subtask 3 4-Measure Bioconcentration 

During Task 23 the COCs will be selected and exlsting toxicology llterature will be reviewed to 

determine which of the COCs will bioaccumulate in living organisms During Task 3 appropriate 

target taxa will be collected and tissue samples will be analyzed for contaminant concentrations At 

this point in time tissue sampling is planned for vegetation small mammals benthic 

macroinvertebrates and fish (see Subsection 8 3 titled Field Sampling Plan) 

If bioaccumulation is detected then there is direct evidence that the exposure pathway is complete 

However the Occurrence of bioaccumulation does not necessarily equate to toxiclty because the 

contaminant may be stored as a non toxic form or may accumulate on the exterior of the receptor 

(for example benthic macroinvertebrates) The bioconcentration values in test organisms therefore 

will be compared to lnerature information and bioconcentration values for organisms from reference 

locations to assess toxic@ Also where possible tissue concentrations will be Compared to 

contaminant concentrations in the abiotic media to calculate a bioconcentration factor (BCF) Then 

the BCFs will be compared to those reported in the lrterature 

8 2 4 Task 4-Toxicity Assessment 

The toxicrty based assessment includes Tasks 4 through 7 The two primary objectives of the 

toxiclty assessment are to (1) obtain quantltatlve information on the types concentration and 
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dmbutm of contaminants in selected species and (2) evaluate the effects of contaminatton on 
target spec- in the ecosystems. 

To~lc~ly based impact a s s ~ s s m e ~  requires an evaluation of chemical and reckologlcal exposures 
and the actual or p o t e m  toxmiogical Meas on target species Specmcclny the assessmnt 

should iderrtify exposure pants, contaminant concentmom - at those polnts, and potential impacts 

or injw The tcuacrty assesment for OU3 will be based on d n g  environmental cntena, 
publshed toxfcologlcal literature, and existing slte-speafic data. The program wll be integrated with 

other ongotng RFVFN stud185 so that wncentmons of contaminants in ab- media can be dated 

to biota e6cposures The -es and descnptm of work for each of the t o m  based impact 

assessmentstasks are presented below 

The purpose of the toxlclty asesment is to welgh the amiable e\ndence regarding the potential for 

the contaminants of concern at OU 3 to cause an adverse effect on the target spews The toxicity 

assessment will be structured to provide answers to queshons such as 

1 What are the adverse effects ofthe contaminant? 

2 How toxlc IS the contaminant to the receptors in quesmn? 

3 What environmental c o n d i i  influence the toxicity of the contaminant? 

4 What relatmstups ewst between the magnltude and frequency of the exposure and the 

increased likelihood and/or seventy of the adverse effects? 

5 What are the uncertatmes involved in assessing toxcity? 
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Subtask 4 +Prepare Toxicity Profiles 

Toxicrty profiles for each COC will be developed from existing scientlfic llterature to describe the 

adverse effects that the contaminant may have on vegetation or terrestnal and aquatic animals This 

process will also include descnbing what factors may influence the toxictty of the contaminant (for 

example in aquatic environments increasing water hardness decreases the toxicrty of several 

metals) It will also a d  in determining possible adverse responses to the contaminant of concern 

considering the abiotic and biotic environment at OU 3 

Subtask 4 2-Evaluate Toxicity Values 

The most fundamental concept in toxicology IS that a relationship exists between the dose of an 

agent and the response produced in a lwing organism The process of quantltattvely evaluating the 

toxicrty information developed in the toxicrty profile and characterizing the relationship between the 

dose of the contaminant recerved and the incidence of adverse effects on the target species 

provides toxiclty values that express the dose response relationship These toxicrty values can be 

used to estimate the incidence or potential for adverse effects as a function of receptor exposure 

to a contaminant 

Numerous laboratory and instream toxicity expenments have been conducted wlth aquatic 

organisms to determine what concentrations of a given contaminant cause adverse effects (EPA 

1986a and 198%) The results are frequently expressed as the concentration of the contaminant in 

water that causes a certain percentage of mortaltty over a grven time penod For example the 

96 hour LC, (lethal concentration) is the concentration that kills 50 percent of the test organisms 

wlthin a 4-day test period Other experiments are designed to measure chronic effects over longer 

time periods such as the concentration of a contaminant that causes a reduction in growth or 

reproduction in the test population The results of chronic tests are sometimes expressed as the 

NOEL and LOEL the concentration that causes no observable adverse effects and the lowest 

concentration that produces a signrficantly dflerent response in test and control populations 
respectrvely 
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Simkr expenments involving terresvlal animals are usually deslgned to determine what dose (intake 

per body wegM per me) of a gnren contaminant wll produce an adverse effect The results are 
frequently expressed as a ID, and the towest chronic dose to ellat an adverse observable dfeU 

These tomcity values wll be compared to the concentrations of contaminants at surface water 

exposure pomts (for aquatfc orgamsms) or eshmated intakes of contaminated prey or vegetation 

(for tenestrial organ-) to assess the tomtty of contaminants at OU 3. In assessing tomlty based 

on experiments presented in the literature, care must be taken to corwider how the expenmental 

condmons dtffer from the conditions at the -ne area, and how these dtfferences may affect 

toxicity 

Under the au&honty of the Clean Water Act, the EPA has developed federal water quality cntena for 

the protection of aquattc orgamsms Numencal cnteria for more than 120 urganlc and inorganic 

contaminants have been publshed in EPA s Quality Criteria for Water (EPA, 1986a) Llk- water 

quality cntenafor pratectfon of humans (and terreStnal animals) have been developed for sources of 

dnnking water State regulatory agencms have used these criteria, as well as mena from the Safe 

Dnnking Water Act to water qualrty standards for the proteam of beneficial uses of state 

waters. The EPA has also developed Nat~onal Ambient Air Quajny Standards (NAAQSs) tor a few 

key atr pollutants under authority of the Clean k r  Act. Standards for many more tomc atr pollutants 
wdl be developed under the Clean Air Act amendments of 1990 Other state and federal agencies 

have dwebped sol1 cntena for protection of agricuttural lands or as goals for remediahon o f  

hazardous waste sites These water, air, and sort cntena/smndards wll be used as another set of 
t o w  values to assess the patentral toxicity of OU 3 contaminants 

In some cases, it wll be easier to assess the potermal toxtcity of contaminants in =I, sediments, 

and water at OU 3 by directly measuring toxlclty Toxicrty tests for a limned number of target 

species wll be conducted to supplement the toxrcity ass6ssments based on dose-response 

approach, addresslng one COMaminant at a time, do not incorporate potential synergtstic or 

evaluations and COmpBlwolls to C n t a  The dose-response evaluatKKls and COmpariSOn-tocntena 

DEN/FLATS17/002 51 OU 3 FtnaV12-OW1 



EG&G ROCKY FIATS PLAKT 
RFVRl Work Plan for OU 3 

Category Final 

Manual 

Section 
Revision 
Page 
Effective Date 
Organrzatron 

8 
1 

61 of 129 

RPD 

antagonistic effects that may occur when more than one contaminant is present Likewise these 

approaches may not reflect the physical and chemical nature of the receiving water or soil at OU 3 

or the actual bioavailabillty of the contaminants Therefore direct measurement of toxiclty using 

toxicity tests will provide important supplemental information to the overall toxiclty assessment 

Toxiclty tests will be conducted in the laboratory using water sediment, and possibly soil collected 

from OU 3 areas expected or known to be contaminated For aquatic organisms standardized 

acute and chronic tests using established EPA procedures will be conducted (EPA 1985a, 1985b 

1989e) Toxiclty tests developed for soil microbes earthworms crickets and grasshoppers will be 

rewewed and considered for assessing OU 3 toxicity to terrestnal invertebrates (EPA 1989e) 

In summary the toxiclty assessment will include a summary of potential adverse effects on biota 

associated wrth exposure to OU 3 contarninants including where appropriate comparisons of 

estimated exposure concentrations relative to published concentrations at which toxic effects are 

known Potential toxic or other effects on target species will also be characterized using EPA crltical 

toxicrty values (when available) in addltion to selected lderature pertaining to slte and receptor 

specific parameters The toxicity assessment will include brief toxicological profiles for COCs, and 

their known distribution and fate in environmental media The profiles will cover the major 

deleterious effects information available for each COC Data pertaining to wildlrfe species will be 

emphasized, and information on domestic or laboratory animals will be used when wildlife data are 

unavailable The toxicity assessment may include conducting in sltu or laboratory toxicity tests on 

some target aquatic or terrestnal species Uncertainty analyses of the toxicity information for this 

slte will be performed 

8 2 5 Task 5-Exposure Assessment 

The exposure assessment will describe how the potential contaminants are transported from source 

areas to the receptors taking into account the environmental fate and transport of the contaminant 

through both physical and biological processes The exposure assessment will also determine the 

susceptibilty of drfferent receptors to the contaminants at OU 3 due to (1) their proximlty to areas 
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with the tnghest cOntarmnant co11cBn#ations, (2) the receptor's reliance on contaminated food or 
(3) the receptor's preseme wr contaminated mats for long durations The exposure ass~ssment 

process involves (1) devdopng exposure pathways for the OU 3 COntarmnanM of concern and 

target specs (receptors), (2) detemuning b g ~ A  exposwe paints for each receptor and measuring 

or estimating the concentratms of the contaminants at those exposure points, (3) estimating the 

uptake of the contaminants by the recepmr, and (4) identiryi appropriate ecological endpoints 

(see Flgure 8-1) The eocposure assessment wli use site-speclfic data and avoBMB information in 
the sclentmc literature to address the followtng questions 

0 What are the significant routes of exposure at OU S? 

0 What receptor(s) are actually exposed to contaminants from OU 39 

0 To what come-n of each contaminant are the receptor(s) actually or potentially 

exposed? 

0 How aften will the exposwe take place and what is the durabon of exposure? 

0 what subpopuiatms, age groups or life stages are most suscepbble7 

0 What seasonal and climatrc variations are likely to affect exposure? 

0 What are the site-specmc geophysical physlcal and chemical conditions rdfectrng 

exposure3 

Exposure pathways will be developed to quailtatnrely describe how the contaminants of concern can 
be transported from their sou~c88 to the target receptors, and to determine if complete exposure 

paahways exst. The conceptual model developed for the site wilt dentify potemat exposure 
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pathways A complete exposure pathway has five components All components must be present or 

exposure will not occur These five components are 

1 Chemical/radionuclide source 

2 
3 

4 

5 

Mechanism of release to the environment 

Environmental transport medium (e g soil water air) for the released chemicaVradionuclide 

Point of potential biological contact (exposure point) wdh the contaminated medium 

Biological uptake mechanism and absorption (dose) at the point of exposure 

Aspects of the Me history of each target species such as phenology food habfis preferred habrtat 

and seasonal behavior will be evaluated to determine where the aquatic and terrestflal organisms 

will likely be exposed to contaminants at OU 3 This evaluation will be coupled wdh fate and 

transport information on the contaminants of concern to determine which contaminants are likely to 

be transported to which exposure points An interactive process based on the above information 

will be used to identtfy the most logical exposure points The exact exposure points will vary 

depending on both the contaminant and the target receptor species under consideration 

The most probable exposure pathways to the biological receptors wdhin OU 3 will be assessed and 

several pathways will be selected for detailed analysis Pathways will be developed for the four 

transport media air soil surface water and sediments These exposure pathways will be 

evaluated and modeled where possible Since fish and wildlrfe may obtain contaminants through 

their food supply migration of constduents through the food chains at OU 3 must be incorporated 

into the exposure assessment analyses 

Subtask 5 P-Assess Exposure Point Concentrations 

Exposure points are locations where receptor species may contact COCs lndral identrficatron of 

exposure points will result from the pathways modeling described above Fate and transport 

modeling will then be used to assess exposures for target species The exact exposure points can 

be expected to vary depending on both the contaminant and the target species under 
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cxmsdmmn After the exposure p n t s  have been identmed, actual field measurements or fate and 

transport modeling wll be used to estimate the concentrat~on of each contaminant at the axposure 

pow Ths procedure Wdl rely CkreCyI on the ~ ~ K J W  fiekl program to provide measured 
mmmbaWw at exposure polnts and/or prmde input for m i n g  efforts Where possible, the 

average and maximum concemat&ns for each contaminant mll be measured or estimated to 
evaluate average and m u m  conservtnre exposure scenarios 

Ths subtask unll evaluate the mahods for co~aminant upake (such as tnhalabon or ingsbon) for 
each of the target receptors under considemon The chemlcal and radfdogtcal uptake wS be 

est~mated using appropnate consmmh assumpborw sit- data, and e)asbng or 

Assessment Manual, @PA, 1988c) Thw subtask, where possible, will est~mate the quantny of 

COntamKlaM taken up on a daly or bnger-duratnn bass by the target receptors from the various 

environmental m d a  v151 inhalation, ingeghon dermal contact, and other ptocesses. Thw actual 

(estimated) uptake will be compared to the acceptable make (or exposure) to assess nsks 

forthcoming exposure mWmWogy similar to those for humans in EPAs Superfund Expos Urn 

In the case d terrestnai vegetabon and aquatic organm, the typical appmach of comparing actual 

intake to acoeptaMe intake of ingested or inhaled IS not veiy appropnace Since 

vegetatm is continuously exposed to contaminants in sori, est~mates d uptake are based on 

transport of contaminants from soil (and so11 water) v a  the roots. Incopmbm - afalrborne 
contaminants de(xwrted on leaves and other aboveground plant tissues must also be consrdered 

In the case of freshwater organisms the pnmary uptake mechanm IS frequently transfer of 

dssolved contaminants by across the gill membranes or the intgument. Aquattc 

animals can also take in contarmnants by ingesting contaminated prey and sediments, although 

these mechanisms are generally less importem than direct uptake across gill membranes 

InformaWm denved from the exposure assessment will also be used to select sampling locattons for 

t o m  tests and to determine wtuch lacations might be best for comparahive BcdoBy stud= 
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8 2 6 Task 64ontaminatlon Impact and Risk Assessment 

Contaminant risk charactenzation entails integration of exposure concentrations wdh the information 

developed dunng the exposure and toxicty assessments to characterize current and potential 

adverse biological effects (e g , death diminished reproductive success or reduced population 

levels) posed by OU 3 contaminants In addition ecological consequences other than the toxictty 

based assessment will be performed The potential impacts from several exposure routes (root 

uptake foliar deposition inhalation, ingestion and dermal contact) and different media (air, soil, 

groundwater and surface water/sediment) will be included in thls evaluation as appropriate (U S 

EPA 1989e) 

Characterrzation of adverse effects on plant and animal receptors is generally more qualltatlve than 

charactenzation of human health nsks because the toxic effects of most chemicals and their 

environmental fates and interactions have not been well characterized for natural ecosystems 

Crdena that are suitable and applicable for evaluation of ecological effects are generally limded 

Criteria set forth in federal and Colorado laws and regulations pertaining to preservation and 

protection of natural resources will be used where available Crneria may also be derlved from 

information developed for use under other environmental statutes such as the TOXIC Substances 

Control Act (TSCA) or the Federal Insecticide Fungicide and Rodenticide Act (FIFPA) 

In accordance wdh EPA guidance (19894 1989e) prionty will be placed on the adverse toxic effects 

of chemicals at the ecosystem communtty and population levels rather than effects on indlvidual 

organisms These adverse effects can be estimated using a weight-of-evidence approach by 

companng contaminant intakes to acceptable values exposure point or dose estimates to toxiclty 

values in the lderature and ecological endpoints in target taxa in test and reference areas 

Subtask 6 l fvaluate Toxicity Based Effects 

Where specrfic information is available in published lderature a quantitatlve evaluation of effects will 

be made using the sde speclfic pathways model This approach is in agreement with EPA guidance 
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(U S EPA 1989d) The nsk assessment process wrll also include evaluating the results d toxicity 

tests at OU 3 or results at ather OUs and the boconcentrabon data Quamftasnr seeshmsdesof 

efFects may be calculated by convetting the conceptual model into mc d t a g m  and asagning 

probabdnfes to the steps in the model The method for deremurung contamination effects will 

depend on the outcome of the EE procedures in providing site specific informatton 

When R becomes dlfficuh expensbe, or impossrble to develop quanbt;rtnre doseresponse types of 

toxlclty values for the particular species or contaminant d interest, an BcoJoBIcBI comequences 
appmach will be used to assess the adverse effects of the Corrtamtnant. In the ecologfcal 

consequences approach, an ecological endpoint IS measured mthtn an impacted populabon The 

ecolog~~A endpolnt IS an mdlcator of an adverse effect on the exposgd populadion That 

measurement IS then comparedto the same endpoint ~1 a nonimp8cted populatii such as in a 

reference area 

T ~ I S  approach BvalLlates the pogslble rekmshp between the ecdogtcal endpolm (such as 
increased mortalii or slower growth rate) and one or more ofthe srte contaminants. The approach 

also provides an assessment technique for comaminants that are not directly toxic to plants and 
animals For example, some m m a n t s  may decrease the avatlable oxygen in an aquattc 

ecoSyaem wnh catastroph#: effects even though they are nat direclly toxic tothe or~anlsms 

The ecdoglcal consequences of a contaminant are frequently determined by measuring one or 

more ecdoglcal endpoints in a population exposed to contaminants, and comparing these to the 

same endpo~nts in a contrd populatton at an unimpacted reference area. However ecobglcal 

endpolnts for escposed populatior~~ can also be compared, in some cases, to informatm n the 
went& literature to determine if the exposed population IS affected. Both dtheseappm&es are 
referredt0ascomparabveecdogy~les 
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The ecological consequences of contaminants at OU 3 may also be assessed by measuring the 

bioaccumulation of certain contaminants wlthin the tissues of indlvidual organisms, and comparing 

these levels wlth levels reported in the scienttfic literature Finally the potential impact of some 

contaminants can be assessed by measuring the frequency of occurrence of certain biomarkers 

(such as skeletal abnormallties or presence of metal binding proteins) in the exposed populations 

All three methods of evaluating ecological consequences (comparative ecology studies 

bioaccumulation and biomarker monltonng) have been presented and discussed in Section 1 as 

Subtask 1 6 and are discussed below as applied to OU 3 

Comparative Ecology Studies The toxicity of a glven contaminant to indlvidual organisms can 

have consequences on biological populations communlties and ecosystems For example, a 

contaminant that increases susceptibilrty to predation or decreases reproductwe success in 
~ndlvidual organisms will cause a decrease in population size (a population is a group of individuals 

of the same species) The decrease in population size may in turn change the relatwe abundance 

or distribution of that population wrth respect to other populations in the community (a community is 

a group of populations in the same location or habltat) The communty change may in turn lead 

to ecosystem effects such as alterations in nutrient cycling 

There is a general consensus that adverse effects of contaminants can be assessed by measuring 

ecological endpoints at the population level (EPA 1989e) and to a lesser extent, at the communlty 

level However It becomes increasingly difficult and expenslve to measure consequences at the 

ecosystem level since the influence of a multttude of factors in addition to the effect of the contami 

nant, come into play Therefore, at OU 3 the comparatlve ecology studies will be designed 

primarily to measure population and community parameters 

To effectlvely charactenze the effects of contaminants on a population one or more ecological 

endpoints should be selected These endpoints represent responses the population is expected to 

exhibit as a result of exposure to the contaminant in question Examples of ecological endpoints at 

the population level would include decreases in growth rate and fecundity increases in frequency of 

disease or death or changes in the relatlve abundance of different Me stages Ecological endpoints 
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should be selected based on the capability to measure the endpomt, and the likelihood that the 
endpolnt would respond to the COC 

Cornparatwe ecology studms are one way of estaMIshnrg whether an ecological impact has 

occurred in a quanbtatwe sense These stud= may quante the wnpact of SRe ccmmmnants on 
-and provide a meansofevaluating the m a g n i t u d e d t h e f f i  between impacted 

and nonlmpacted populations. comparatrve ecology studii at OU3 will be chrected ad two 

tmestrd communmes pram vegetatm and small mammals, and two aquatic communities fish 

and bentti= macranvertebrates (see Subsection 8 3) 

Bio8ccumulruOn and Bloaurkw Studk. Some metals (such as mercury in aquatrc organwns) 
will accumulate in living organisms at concentrations much h i i  than in the media to whlch the 
OFQanlSrrts are exposed One or m e  prooesses may be invohted For example, someorgan$ms 

can convert the contaminant to a less toxic or nontowc form and store R or the contaminant may 
have an affintty for fatty Wsue and pr8ferentralJy accumulate in organs contruning a high prapomon 
of fat. ance the stored or accumulated contaminant may be convected to a nontoxic form, 

btoaccumulatlon does not necegsarlly equate to an increase in toxtcity 

The patenbai bmaccumulatm of selected contaminants WIII be measured at OU 3 in fish benthlc 

macranvertebrates, vegemon, and~mal~ m a m ~ s u c h a s  priedogs Bmaccumulatron datawin 

be used for the three purposes listed below 

1 Data from OU 3 MI be compared to bioaccumulsltion Iwek in scientific literature to help 

evaluate the potentmi im- of the contaminants on the plants and annals that accumulate 

thecontaminants. 

2 Data at different tmphn: leveis will be evaJucrted to determine f OU 3 contaminants are being 

transferred Hnthin food chams. If thls occurs there may be sgnlficant impacts on higher 

predatwssuch as raptmandm 
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3 Data for organisms that serve as food sources for humans may be used in the human nsk 

assessment process to determine d there 'are potential health nsks from using those 

resources 

Biomarker studies involve measunng responses in individual organisms which indicate that the 

organism has been exposed to a particular contaminant Generally a biomarker is a biochemical or 

physiological response that can be detected even at low-exposure levels Examples of biomarkers 

include a change in the frequency of a genetic abnormalty, a histological change in tissue 

structure or a physiological response, such as increased production of the metal binding protein 

metallot hionein 

There are many advantages to using biomarkers in ecological assessments including broad 

applicabilrty to many taxonomic groups the ability to link field surveys to laboratory tests to interpret 

the signrficance of field results, and the fact that some bromarkers are diagnostic of specfic 

contaminants However there are currently few accepted standardized and tested biomarkers for 

many of the contaminants found at hazardous waste s~es Also the relationship between the 

measured biomarker response and population level effects has not been defined in many cases 

Further biomarker studies are expensive to conduct The existing scientrfic lrterature on biomarker 

monrtonng will be reviewed dunng Task 2 to determine if thls approach may be useful for the target 

species and contaminants of concern at OU 3 If biomarker studies could add to or support the 

assessment of risks in the offsite area they would be planned and incorporated in Task 9- 

Ecotoxicological Investigations 

8 2 7 Task 74Jncertainty Analysis 

The uncertainty in the EE process will be analyzed which identifies assumptions, and the sources 

and magnrtude of errors All risk estimates are dependant on numerous assumptions and 

consideration of the many uncertainties that are inherent in the ecological nsk assessment process 

In any evaluation of the level of nsk associated with a site rt IS necessary to address the level of 

confidence of the uncertainty associated wRh the estimated nsk 
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Subtask 7 14dentMy AasurnpHons and Evaluate Uncerklnty 

The ptacess of assessing ecdogfcal efFects is one of estimation under c o n d t t ~ ~ ~ ~  of uncer&unty 
The estimates are dependent on numerous assumptions and other sources of uncertainty such as 
t o m  and exposure assewmm, measurement vanabilii, and vanab~Iily of natural 8cosystem 

processes To address uncertamhes, the OU3 Emronmemal E v a l u m  wil present each 
and the 

uncertarnty accompanyingthe c o n d m  The level of Confidencevdi be addressed by quantQing 

the results ofthe assessment Factors that limR or prevem development of definitnre c o n c l u s ~  wll 

alsobed$cussed 

m l m ,  along vnth the w)8u85 that support and fall to support the conduslon 

suw#k 7.2-spedfy Sour- d Uncertainty 

In summariung the assessment data, the follmng sources of uncertrunty and lirnmtmu 

spec- 
be 

* Inherent natural variability within the populatKKl or communily being asseswd 

VarJatiOns in natural ecosystems are cycllc and seasonal, and occur in response to 
abiotic factors such as temperature and motskrre condibons 

VanabiMy introduced when parameter values from laboratory data or lflerature 

informatm IS used to extrapolate to field situations in unmanaged ecoglstems 

e Vanance estimates for all statmcs 

0 Assumptions and the range of c0ndUm-s underlying use of statisha and models 

Anarratnre - explanatms of ocher sources of potential error will be included, and discussed as to 

haw the errors affect the nsk assessment 

I 
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Subtask 7 Wdentify Additional Data Needs 

The variances and errors leading to uncertainty can be reduced by increasing the precision of 

measurements or by taking additional samples or surveys The validation and calibration of 

pathway models will be used where practicable to reduce uncertainty The uncertainty analysls 

process mll also be used early in the EE to help identdy adddional data needs such as addrtional 

tissue samples or field surveys 

8 2 8 Task &final Planning 

Task 8 will be inaiated after Tasks 1 and 2 have been completed, and after Tasks 3 4 and 5 are 

well underway The information gained from spring and early summer field investigations and from 

the assessment of exposure pathways and toxiclty of COCs, will be used to plan additional field 

studies flask 9) These field studies will include toxiclty testing collecting tissue samples and 

conducting addrtional ecological studies to provide seasonal data and/or increase the data base 

The spring and early summer field investigations may indicate that additional COCs are needed or 

additional background or reference area data are required The methods used for additional 

sampling will be consistent with the Ecology SOP (EG&G 1991 b) and the methods used in Task 3 

or will be modfications of these methods based on the expenence gained in Task 3 

Subtask 8 l-ldentii Data Needs 

Data from Task 3 including abiotic sampling and the development of exposure pathway models 

and toxicrty assessment data, mll be used to determine which addrtional field actlvrties are most 

appropriate for OU 3 Plans developed in Subtask 2 5 for seasonal sapling will also be incorporated 

into this planning task and the subsequent Task 9 field investigations 

- 
The Task 9 sampling program will target specfic COCs target species and exposure pathways 

based on the information acquired from Tasks 1 through 7 Toxic~ty tests may include adddional 

chronic toxicity testing to follow up on positive results from Task 3 toxiclty tests in slu toxicity 
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testmg to support earlier laboratory tests and implementation of toxi- tests on temstnal 

organisms Addihonal tests may also be conducted to determine the cause of towcity 

The decision process for conducting tissue analyses or effects in target taxa is presented m 

Flgure 8-5 T i  sampling wll be conducted for only the COCs that bmccurnulate Whole-body 

sampler and individual ttssues will be analyzed to assess the potential impact on the organism itself 

or on human or natural predators Suitability of a species for tissue sampling will depend on its 

posttion in the food web and its abundance at the stte 

To the extent possible, tissue samples whl be collected simuttaneousty with envlronmemal medii 

samples, This will aHow for determination of site-specific BCFs, whrch will then be inoorporated into 

the exposure assessment for use tn calibratmg/validabng the pathways model Where BCFs cannot 

be determined, published or predtcted BCF values whl be used in the p8thways model to ass8ss 

potential impacts 

Subtask 8.2-Devdop SpecMc W O s  

Dunng thw subtask the DQOs esrablmed in Subtask 1 3 wrll be revlewed and revised f necessary, 

and addttional DOQs wll be estaMwhed specific to the Task 9 ecotoxkdogd . mvestigations The 

DQOs wll be developed using the three-stage process and addressing the same principal 

described in Subtask 13 The data uses and needs described in Subsection 52will be 

reassessed based upon the information acquired dunng Tasks 1 through 7 and incorporated into 

the FSP for Task 9 (see Subtask 8 3) 

More specific Wos wll be formulated on the basis of the proposed ecotoxrcological sampling and 
mll address the followmg 

e Number and types of anatyses 

specles, locations, and tissues to be sampled e 

0 Number of samples collected 
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0 Detection limlts for contaminants 

0 Acceptable margin of error in analyzing results 

AddltKxlal comparabve 8coIogy studies wll be conducted dunng the Task9 e c o t w i c a l  

mest~gahons to o h n  seasmal data and build on the data started in Task3-Ecologid 

Inveshgabons. As degcrfbed in Tssk3, the ecological endpants for measuring the effects of 
contaminants WIU be carefully selected to mmrnze the effectiveness of the field investigations 
Some dthe cntenafor selecting 8cdo91cB( endpoints are 

0 The rnethodolow and measurement endpoint must be appropriate to the exposure 

Pathway 

0 The endpoint response to the contaminant IS well defined, easily idenMiaMe, and 
predictable 

0 Thecontarm 'nant IS known to cause the bidogical response in laboratory 

experiments or expenments with free-ranging or~anwrns 

0 The ava~lable sample aze IS large enoughto make the measurement useful 

AddltKHlal t$sue samples will be collected dunng the euxoxcdoglcal invesbgations to obtain 
bmaccumulatmn data from a d d m  loca$ons, or on new target taxa or COCs T i e  sampling in 

late Summer and fall will also be done to monitor potentmi seasonal vambons T i  samples will 

generally be collected from test areas -in OU3 and from uncontamfnaed reference areas 

because several of the COCs are present at background levels m n a t d  mronments (for 

example lead and uranium) Also, the exmng lnerature may not pravide the information needed to 

determine if a gwen level of the contaminant in body tissue IS to>uc to the organism ltselc or 

potentdly harmful to predators The d e c i i  process for the use of reference amas in m e  

sampling IS shown in Figure 8-6 
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Subtask 8 3-Prepare Fkld Sampling Plan 

A detailed FSP including cost estimates, wll be prepared for the ecotoxw9oglcal investigabons and 

submmed to EG&G and DOE for approval The FSP wu1 provide the rationale for the type d 
sampkng planned for Task 9 (for example, tissue sampling, toxicffy testing, and ecological endpomt 

sampling) and identify any new COCs or target taxa The FSP will tdeWfy samplmg locmons and 

intensty, present field methodology and sample management procedures, and describe QNQC 

protocol. ItwillalsodocumenttheselectKKl ' ofnewtarget~COCs,andecologlcalendpnts 

The FSPwrll be prepared consistentwah Ecology SOP 513 and present the sampkng mes 
and DQOs torthe ecoPoxlcdogical mestgmm The FSP will be approved by Eo&G and DOE 

before impkmemng Task 9 

The Task 9 e0at-W fiekl investigation will mnsm primarily d addttional sampling for tlssue 

analyses, a d d i i  measurements for bmzk impact affects on ecological endpoints (that IS on 
popuhtlons, communltres, or ecosystems), and additional toxiaty testing. In addiin to the 

q u a l i  surveys will be conducted to obtain seasod informatton in 

the presence and abundance of phtsandanimals, and on changes tnab&ticfactors 

. .  q- i t W m  

At this polnt in time it IS dlffiCUIt to determine what sampling actbitm will be required in addltlon to 
t h e T s s k 3 i ~ ~ ~ w i l l b e c o n d u c t e d i n t h e s p r i n g a n d e a r t y s w n m e r  Howerver,late 

summer and fall sampling wll be necessary to ob0;un seasoml data and the compleaon-or near 

completbn of Tasks 3,4, and 5 Hnll reveal data gaps The three subtasks described below are 

expeUed for the ecotoxicologlcal tnveshgations 

Subt..k 9 l-ud Comparative Eodogy studies 

The comparatnre ecology studles, forthe most part, will be an extendon oftheTask 3 compamtive 

ecology studies to obtain seasonal data and improve the data base for stabsttd analyses of 
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ecological endpoints at test and reference areas Task 3 investigations may also reveal the need for 

new ecological endpoints This subtask could also include sampling for biomarkers If the Task 2 

and 4 llterature reviews indicate that applicable biomarkers may occur at OU 3 for the COCs or 

target taxa being investigated 

Subtask 9 2-Measure Bioaccumulation 

Addttional tissue samples will be collected during Task 9 to increase the sample sizes for assessing 

bioaccumulation of selected COCs Also If new COCs or target taxa are selected based on the 

resutts of earlier tasks additional tissue sampling may be needed to assess the potential impacts of 
the new COCs or address the effects of COCs on new target taxa The tissue sampling would be 

conducted using the same field methods and analytical protocol as used in Task 3 If Tasks 2 

through 6 indicate that one or more of the COCs may bioaccumulate more during the late summer 
or fall condltions than in the spring additional tissue samples of selected species may be obtained 

to assess potential seasonal ddferences in bioaccumulation 

Subtask 9 3-Conduct Toxicity Tests 

The toxiclty tests conducted during Task 3 will be limited to standard laboratory acute and chronic 

tests of water and sediment If any of these tests indicate these media may be toxic to the test 

organisms then additional testing will be conducted in Task 9 to evaluate the toxiclty more 

completely and try to determine the cause of the toxicrty Also the applicability of in situ toxicity 

tests at OU 3 or toxicrty tests using soil and terrestnal organisms will be evaluated dunng Tasks 4 

and 6 If these evaluations indicate in situ or soil media tests are appropriate they will be planned 

during Task 8 and implemented in this subtask 

The rewsed FSP developed in Task 8 will be executed in Task 9 SOPS and analytical protocols will 

be closely adhered to so data obtained during Tasks 3 and 9 are directly comparable Reference 

areas will be sampled in parallel wlth study areas Data validation will be an integral part of the 

sampling conducted during this task as d was in Task 3 The results of the ecotoxicological 
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investtgabom wlll be used to characterne nsks dunng Task 10, and determine f ecdogical nnpacts 

warrant remedial achon at OU 3 

8 210 Task lO-f?iSk Chactctedzation and Report 

Task 10 will indude the final contaminant nsk asesmmt, and surnmamtm of mfonnmon and 

producbon of an environmental evaluat~m report as part ofthe RFI/RI report The EE Report wrll be 

prepared m a  clear and conuse mannerto present study resub and interpremon An relevant 
datafromthe EE, in addltionto athermlevant RFml data, will be integratedand evaluated in the 

charauerwuondpotmalen\nronmenaalim~ 

SuMdc 10 l-Puform Final Eodog iUlRkkAS8OUm8rd 

Pnor to wribng the E€ Repat, a final ecotqpcal nsk assessment wifkamn willbeoonductedusrng 

the infomatm and data collected in the field and emto- i-gatml M Tasks 3 through 

9 Thls wifkatm of the Task6 as88ssment wll incorporate site toxicity values and tissue 

concentfatioc1s from Task 9 into pathway modek Ecological endpotnts, popursaion and BcosystBm 

effects wll be charactenzed rrslng awelgh of erAdence appmach which consjders all lines aC 

eMdeclce m char act em at^^^ The verificaaion process may affsct the uncerta~nty analys~~ and 

reduce mor or raise the level of confidence in the EE Additional data needs or studies beyondthe 

scope of the EE may be suggested 

Infomabon acquired dunng the fieEd mvesbgations at OU 3 (hsks 2,3 and 4 mentKned earlier in 

this sechon) and developed dunng the exposure assessment, toxicity assessment, and ecological 

strrdres (Tasks 56,  and 7, earlier in this section) will be used to characterize the nsks posed by 

Conwminants released from the RFP into OU 3 The ewdence from these tasks that support 

concluslonsthat pot& impacts on plants and animals wtthin the offsite area are occurring or 
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have occurred or that no impacts are present will be evaluated The nsk charactenzation process 

will include the following 

0 Companng projected contaminant intakes to acceptable intakes 

0 Comparing exposure point concentrations to toxiclty values in the Ilterature and 

other cntena and standards d applicable 

Cornparing ecological endpoints of plant and animal populations wtthin OU 3 to 

reference populations 

0 Evaluating the results of direct toxiclty tests and bioaccumulation studies 

The risk charactenzation will present nsk estimates for defined exposure scenarios in addltion to 

summanes of the relevant biological information identdication of the assumptions used and their 

IimRation and a discussion of uncertaintres The characterization will address nsks associated with 

the contaminants of concern plutonium and some metals 

The nsk posed by contaminants released from OU 3 will be assessed using one or more of SIX 

dfferent methods of analyzing risks to the environment 

1 Comparing exposure point concentrations to published crtteria and toxicrty values wtth 

known adverse effects 

2 Evaluating toxiclty test data on laboratory organisms (such as mice or fathead minnows) to 

assess risks on actual populations in the reservoirs or terrestrial habitats at OU 3 

3 Comparing the ecological endpoints for populations of plants or animals existing in 

contaminated areas to uncontaminated or reference areas 
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4 Comparing est~mted intake rates and reference doses for some terresma) species to 

assess acceptable and unacceptable nsks 

6 4pptyiig quanbtaanre fauwevent tree analysts 

Other methods that have been used for ecological ~ss8%ment, such as Bcogygtem modeling are 

not appropriate for use at the m e  areas at least dunng thw RFml These methods involve the 

use of computer simulation and require extensbe field verifbtmn for assumpbms in the modeling 

In summary, the potentral risks from contaminants at OU 3 will be charactew~~ed by uslng several 

lines of evidence when possible None of the above sa approaches are appropriate for 

charactenzing risksfor all thecontarmnants of concern or all the targetspecles. AIBO, the use of 
jlrst one approach wll frequently provlde an t m p l e t e  evaluabcm of nsks Therefore whenever 

possrble, several lines d evidence WIH be w8d to charactenze the nsks at OLJ 3 When several line 

of (IvfdeTtcB support the same conclusion the wetght of BvKJBctcB wll counterbalance the 

unc8ttahbes tnherenyI assoclzlted with these approaches 

An inml draft reportwll be written in which the fdlowmg topm WrH be mered report. 

e Obpctlves 
scope af In=w-n 

e Sie Descnpbon 

0 Conwminants of Concern and Target Specleg 

e ContamfnantSourcesandReleases 

0 ExposurecharademstKxl 

e ImpactCharactwization 
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e Remediation Criteria 

e Conclusions and Limitations 

A proposed outline for the EE Report IS presented in Table 8 9 An Executive Summary will present 

the basic information in each section of the assessment how this information supports the 

characterization and the general conclusion reached in the EE 

In the EE Report results will be presented in a clear concise manner The conclusions will be 

organized around the nsks posed by contaminants from OU 3 to specrfic plant and animal species 

Final conclusions will be based on lines of evidence from several assessment techniques The 

conclusions section will include a discussion of EE objectives to determine f they were 

accomplished Also uncertainties associated wrth the EE will be presented, along wrth an 

evaluation of how these uncertainties influence the conclusions The EE will determine whether 

OU 3 presents an unacceptable environmental risk unless remedial amons are undertaken The 

cntena for determining what constltutes and unacceptable environmental nsk wll be developed 

dunng the EE process 

The EE Report will have four basic uses It will be used to 

0 Determine the nature and sever@ of the environmental rsk resulting from exlsting 

contamination condaions at OU 3 without further remedial action (the 'no action' 

alternative) and under certain future slte condltions 

e Provide information for comparison of alternatnes and evaluation of potential 

environmental impacts of the remediation alternatives 

0 Prepare appropriate environmental documentation needed to comply wth the 

National Environmental Policy Act (NEPA) 

' 0  
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PROPOSED ENVIRONMENTAL EVALUATION REPORT OUTLINE FOR OU 3 

EXECUTIVE SUMMARY 

1 0  INTRODUCTION 

1 1  Appfoachandob$cEhres 
12 commmmn 
13 ScopedtheEnvlKwrmentalEvakrasion 

2 0  SITEDESCRIPTION 

21 physical- 
22 TenestrialandAqw$lcEcosystems,Hab~tats 
23 CorrcaminantsdConcem 

231 SourcegandReleases 
232 CI#mandDefinrbon 

3 0 CONTAMINANT RISK ASSESSMENT 

3 1  1-and-b 
3.2 EcologW Field 1nveb;tigahOrrs and Sampling mltS 

321 ToocidtyTesting 
322 TissueAnalys#,andBioaccumU laaion 
323 EcokgicalEfbCb 

33 ToDddly- 
34  assessment 

341 PashwayAnalysrs 
342 -Media 
343 ChemicalFateandTransport 
344 ~ , D o s e A n a l y s i s  

35 T a x l c R y a n d E ~ o i ~ g ~ d E f f e c t s C ~ ~  

4 0 RSK CHARACTERIZATION 

41  FmalContamlnantRiskC- 
4 2  UncertainZyAnalyslsandAssurnpbcm 
43  Rerned~at~~nCnteria 

50 REFERENCES 
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0 Determine other environmental requirements such as habttat (wetlands) protection 

and rare and endangered species 

The introductory sections of the EE will define the objectwes and scope of the EE investigation and 

generally descnbe the physical and biological characteristics of the stte Information from this EE 

and prior studies such as the OU 3 reports and previous field investigations wdl be used to identtfy 

the COCs, assess the sources and fate of transport mechanisms for these contaminants and 

describe the logical pathways and receptor species or communtties 

Since the assessment of risk to biological receptors is largely based on the weight of the evidence 

supporting particular conclusions a summary section will be included in the EE Report Thts 

section will present the vanous lines of evidence supporting (or failing to support) each basic 

conclusion and discuss the associated uncertainties The factors that limtt or prevent development 

of definitive conclusions will be described and the degree of confidence in the data used will be 

presented 

The EE Report will be structured and wntten to facilitate tts use by a drverse audience technical 

specialists scientists administrators and the general mlaym publtc Portions involving technical detal, 

such as explanations of methodologies or fate and transport models, will be presented in 

appendices An Executive Summary will be prepared to briefly present the basic information 

contained in the ecosystem characterlzation exposure toxiclty and risk assessment portions of the 

report and describe how this information supports the nsk characterlzation conclusions A complete 

list of references, including the scienttfic ltterature ctted will also be included 

Other documentation and forms related to conducting the enwronmental assessment wdl be kept as 

backup as required by Volume I of the SOP (EG&G 1991 b) and other DOE or EG&G requirements 
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Subtask 10 4-Devolop RemadlrHon Criteria 

Remed~atm cntena protectnre of Rocky Flats bma wtll be developed in Task 10 on the bass of the 

results ofthe food web analyses, pathways model, and expoare assessments Remedlatton cnterla 

will be developed for contaminanrS for which a stgnificant ecological impact IS detected or for wtuch 

that risk exms Cntena wll address remediaon of the cmtammant source so that remaining 

emronmental mmemamm and forms do nat pose a threat to ldentffied ecological receptors 
'AcoepoaMe' mronmemal concentrations will be estimated mng exposure sssessments to 

calculate amtaminant concentrabons in -IC media below whlch the ecotoxicobglcal wffect IS not 

expected to occur The acceptable (no effects) cntena levels will be used in conjunchon with 

ARARs to evaluate patenml adverse effects on btota as appropriate for the Environmental 

Evaluahon portion of the RFI/RI Thls approach wtll be integrated vnth the Baseline Human Health 

Rlsk Assessment process and mll assst in devdopment of potenbal remedim criteria 

8 3 FIELD SAMPLING PLAN 

Thls FSP desabes the program for sampling tmta and eoologrcal parameters in aquatc and 

tenestnal Bcosystem8 within and near W3 in order to assess the e d o g i d  consequences af 

releases of contammants. Them sdesigned to providecomprehensnre dataand informahon on 

Wogkal and ecological fieid charactenstics ofthe OU The ecologlcalfield sampling program has 
threemainobJeczives 

1 Characterize biologtcal resources in order to conduct an ecdoglcal impact assessment 

2 Acquire the data necessary to measure ecological efFects of contaminants that cannot be 

as=ssedbythedose-responseand c o ~ - t r n e n a ~  

3 Determine n media (e g , water and sediments) are toxic to lwing organisms. 
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The field sampling procedures have been developed following protocols recommended by the EPA 

(EPA 1987a 1988a, 1989d, 19899 the U S Fish and Wildlrfe Service (1981a 1981 b) and those 

Currently being developed at the RFP All ecological data and sample collection will follow the 

procedures provided in the Ecology SOP (Volume V) (EG&G 1991 b) wRh appropriate site specfic 

addenda as needed The SOP 5 13 Development of Field Sampling Plans for biological sampling 

was used to develop sampling procedures This SOP includes procedures for sampling populations 

or communsies, collecting tissue samples handling and preserving samples and conducting 

QNQC activrties This ecological field sampling plan will be reviewed penodically and updated as 

needed 

The ecological field sampling has been carefully integrated wnh the RFI/RI sampling for OU 3 in 

order to coordinate the water sediment and soil sampling efforts wRh the ecological sampling 

Where possible vegetation sampling will be located in the same areas and scheduled to coincide 

wnh soil sampling Surface water and sediment sampling will coincide wRh aquatic sampling In 

adddion to planning sampling events during the same timeframe the RFI/RI sampling procedures 

and analytical protocols for water sediment soil, and iur samples will be planned so that the data 

necessary to develop and model exposure pathways dunng the EE will be available The ecological 

field sampling at OU 3 will also be integrated wRh the ecological field sampling at the 903 Pad 

(OU 2) Walnut Creek (OU 6) and Woman Creek (OU 5) so that the data produced at these 

adjacent operable unRs are compatible If appropriate the OU 3 comparatnre ecology studies may 

use the same or common reference areas established on a RFP sltewide basis 

The FSP will consist of inttial qualnative field surveys conducted in the spnng followed by qUalRatWe 

and quantltatwe field sampling events in the spnng-summer and the summer-fall time periods The 

quantnative sampling will be done by taxonomic groups vegetation small mammals, wetlands, 

benthic macroinvertebrates and fish During the quantrtatwe sampling efforts the sampling teams 

will record qualsatlve observations to assist in interpreting the field data The inlial qualRatWe 

surveys will be scheduled to coincide wRh the start of the growing season of prsune Vegetation and 

wlh snowmett or spnng storms 
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standard statstical methods and procedures WIN be used to analyze data collected in the 

q uantimve sampling program. Where appropnate, data Wrll be analyzed for the statstW 
parametersofmeans,vanances,andstandard~ito~etmineprecisKxlofvalues Nomany 
distributed data will also be analyzed for vanancea and camlath coefkm@ . or regregslon 
analysis, to determine, for exampie, if contaminant co1xBntr(dlon in tissue IS related to medii 

contammant SigMhM differences in pared samples between locahom or sampling 

data sample adequacy formulae will be used to cbterm~ne fi the nwnber at samples is adequate 

based on mean, vanance, and the level of accuracy needed Svlce much of the data used to 

characzerizethe biological perameters are amply descriptwe, values such asthe duhhmeplc mean, 
maxlmum, and mtnunum will be reported for many samples 

penodsunn be esmhsha, such as canpamom between reserence areas andthe test area sampb 

The foiiowmg FSP IS pIovrslonal and will be penodlcally revised as appropriate T ~ I S  sampling plan 

IS largely CMPlepB but may be modmed as the EE ts implemented (seeTasks2 and 8) in order to 

coordinate with the OU 3 RFWl ste charactetizatm and sampling at other OM, and to update the 

FSP as addhonal informatKKl . IS gamed dunng the EE process The FSP will be modmed, If 

necessary, after COCs and target species are selected, after prelrmmary determimbm of food webs, 

and after contaminatm soum-mceptor pahmys are compbwd In addm plenrnng during 
Task 8 may include phsforadditmal soil or sed~ment sampling in study or reference areas 

831 SiteDesdpth 

OU 3 IS unque among OUs at the RFP inthat it IS located adsldetheRFP boundaries The current 
ecology and ecotaxlcological study boundaries (Figure 8-2) were set based on current  inform^ 

regardingthedktrii d R F P  rdatedcontaminatffs in the offsitearea, on the locarion of creeks 

that dram the RFP, and on the COIICBIT~S expssed by federal and state agenclea and local land 
owners The current OU 3 study area baundanes are 1- Street along the west d e ,  north to 

Highway 128, east to Simms Street, south to West 100th Avenue, east to the area downstream of 
Standley Lake Dam, south around standley Lake then west along the ridge south at Standley Lake 

to lndtana Street (Figure 8-2) 
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8 3 1  1 She Uses 

The area wrthin OU 3 has had a vanety of uses and disturbances the cutwation of irrigated crops 

and dryland grains rangeland grazing and the development of canals, reservoirs roads and 

housing Much of the area is disturbed to the point where no natural ecosystems are present, or 

those that are present have been modlfied About 250 ac wnhin OU 3 near Indiana Street are 

currently being tilled and revegetated to remediate elevated surface concentrations of radionuclides 

as per negotiated settlements with landowners There are no natural preserves although some 

areas are now being maintained as open space by Jefferson County and the Cty of Broomfield 

Prairie dog populations are expanding affecting large areas of vegetation Great Western Reservoir 

Mower Reservoir Standley Lake and Walnut and Woman Creek are the principal aquatic 

ecosystems Several dnches occur within OU 3 to transfer irrigation water and municipal water 

supplies, including the Highline and Croke Canals Mower Dttch Broomfield Diversion Dnch and 

Church Dnch 

8 3 1 2 Reference Areas 

The use of reference areas is a potential method of comparing impacted and nonimpacted areas as 

discussed in Subtask 1 6 Reference areas for appropriate aquatic and terrestrial ecosystems will 

be selected during the qualrtatnre survey These areas will generally be upwind of and upgradient 

from the RFP to avoid contamination The number of reference areas chosen and their slze will 

reflect the major vegetation types and habrtats determined in OU 3 dunng the qualitatwe surveys 

As a practical matter, generally one reference area for each major ecosystem type will be chosen 

Reference areas will be chosen to distinguish the effects of contaminants from those of physical 

disturbance This will be accomplished by keeping the physical characteristics of the reference 

areas as similar as possible to those of the OU and controlling access and sampling disturbance 

Criteria for reference area selection are discussed in Subtasks 1 4 and 2 3 If references areas have 

already been chosen for other OUs, they will be assessed for comparabilrty to the ecosystems at 

OU 3 Differences between study and reference srtes will be carefully documented 
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8 3 2  ObJecths 

In general, the ecological fieJd sampling program will provide data necessary to compare aquatz 

and temetnal- or communities at impacted and reference areas, measwe towcity 

dtrectly, and measure the raccurnulatm of m i -  in plant and mmal msue As stated 

q uantitr$rvefield sampling The of the qualmwe 8urv8ys are asfdlaws 
above, the field Sampling program w dnrided into two components quabmiw sunreys fdlowed by 

0 Acquire data needed to characterize the major ecosystem components 

0 Determine the presence, absence, and dwtnbution of plan€ and animal receptors 

within OU 3 

0 confirm that no threatened or endangered specks, crstical habmts, or state species 

of concern occur within OU 3 

0 Acquire mfom?atron needed to optimue the quantnatnre sampling plans 

0 Fill gaps identified dunng review of austmg data. 
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The objectrves of the quantltatlve ecological field sampling program are as follows 

0 Acquire information needed to assess seasonal changes in habnat types and 

document the presence and distribution of biological species 

0 Measure populations for composnion productrvity, standing crop or biomass 

Collect quantttatlve data to estimate intake rates exposures and food chan rela 

tionships 

0 Measure indicators of toxicity (ecological endpoints) in populations and 

communnies and assess the differences between endpoints in impacted and 

reference areas 

0 Measure toxicity directly using vanous biomonnoring methods 

0 Measure accumulation of selected inorganics and radionuclides in plant and animal 

tissue 

0 Fill data gaps identrfied dunng the literature review and the qualnatrve field suweys 

8 3 2 2 COCs and Target Species (Receptors of Concern) 

Contamination at OU 3 is primarily the resut of airborne and waterborne transport of radionuclides 

and metals from the RFP during past operations at this factllty The preliminary list of the COCs is 

grven in Table 8 7 This list was developed using the criteria discussed in Subtasks 1 4 and 2 3, 

and the site information obtained during the inrtial sne visrt and from exlsting literature Based on 

the current knowledge of the stte and the conceptual exposure model (Figure 8-3) the target 

species for the €E at OU 3 will probably be limtted to species or taxonomic groups of terrestnal and 
wetland vegetation small mammals benthic macroninvertebrates and fish 
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8 3 23 Data Quality Objectkos 

The pnmary objectwe of the fieid irnmstpt~~ns at OU 3 lsto cdfectthe data necessary to evaluate 

and quantify the &to biological receptom as aresuft mteases from the RFP The 

EE will also prcrvlde data for determmbyl the need for remediaaKxl at OU3, and for evaluating 

remedtal alternathes, It mcesmry The development dthe OQOsfor the EE is discussed 111 

Subtask13 (Subseaon . 821), and the general DQOs for sampling target taxa, sample 

management and analyms, and compdins and reporting data am pregented in Subsections 833 t 

and 8 3 3 2  Additwnal DQO decarlsfrom each sampling actiwty WHI be developed after the 1992 

spnng qualime 8wv8ys are complete 

8 3 3 H e  and Taxon Spocifk Sampling 

The maprterrestnal habmt types in the study area are upland grasslands, wetlands, and some 

npanan shruMand and woodland Wedy/forbs habttats are becoming established on abandoned 
crophnd, and m areasdominated by prainedogs M ~ J W  aquatic habrtattypes areopen bodieaof 

water (reservorrs) and intment streams The habitat types as determined by the inltial site vis# 

are presented m Figure&? The boundaries and locatK#ls of these habtats will be refined as 
q u a l m  sufveys of tenestnal and aquatic ecosystems are conducted earty in 1992. 

The purpose OB the terreavial field sampling program IS to develop a thorough farmlmzabon with 

Me charactenstks, sample for b d c  components and measure for bioacwm uktm Qualmwe 
survey will be followed by quantmtnre sampling of terrestrial ecogystems and biota that wll be 
conducted primarily to characterize the ewsystems and measure the ecological consequences of 
cOntamlnantsreleasedfromthesowCeZW0aS 
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Qualitathre Terrestrial Studies 

The purpose of the reconnaissance and qualitative field survey is to develop a thorough 

familiarization wRh srte Characteristics in order to guide the quantrtatrve field surveys All features of 

OU 3 will be covered in the reconnaissance field surveys including topography drainages Soils 

vegetation animals wetlands and the relationship of these features to land us8 This FSP was 

based in part on information produced in the two reports on OU 3 by DOE (DOE 1991a 1991b) 

The site was visrted on a initial familiarization field trip in which the major habrtat types and 

ecosystems were observed but no detailed sampling or field measurements were made Qualrtative 

surveys will follow protocol in Subsection 5 10 in the Ecology SOP 

The inrtial qualltative field survey will be conducted in the spring coinciding wrth the start of the 

growing season of grassland Vegetation as early in the season as possible The surveys were 

designed to describe the terrestrial ecosystems within OU 3, identlfy the biota and habltats present 

further define the conceptual model of contaminant transport or uptake by biotic and abiotic 

mechanisms This survey will also be used to confirm the sampling locations frequencies and 

protocol for the quantrtative sampling effort to be conducted later in the summer 

The initial qualitatwe survey will include locating and evaluating all sampling sltes selected for 

quantitative sampling including several potential reference areas The survey will include 

documenting visual observations collecting some vegetation samples and recording all 

observations in field logbooks 

The qualitative field surveys will be planned in advance to provide the following information 

0 Physical description of all sampling sdes 

0 Documentation of srmilarrties and dflerences between the reference areas and on 

slte sampling locations 

DEWFLATS1 7/003 51 OU 3 Fina1/12-06-91 



EOBQ ROCKY FlATS PUNT Mmud 
RFvRl work Plan for ou 3 

Sochon 8 
Revfaion 1 
Pane Waf129 

Cab~ory Final 
Eff&e Date 
Oreanartlon 

a Identkation collectm and inlial inventory of plant and animal species 

0 Vegetamn/habitat map and descnptlons of pnncipai habfiats, and initial sampling of 
vegetath for charactemahon 

0 Degcnpt~on of the pnnupal exposwe pathways and conceptual model of principal 

food cham relamnships 

QuaImtive descr~ptms and some quantnasnr e sampling of wetland and prarle 

species 

gmsshd commurutms including identlficaaon of dominant and subdominant 

0 Ds9cnptlons and locatrons of obvlolls signs of impact on terrestrial vegetatlon or 
terrestrial communities 

0 Relative abundance of key terrestrial receptors 

The q u a i i i e  field surveys for the terresvial ~cosystem~ wdl fdtaw an established protocol and 

mmg The emre area of OU 3 inside the boundary and down-sbpe tothe east will be dnven and 
walked to ldentlfy terrestnai commumties and general ecosystem components. Informabon 

developed dunng the fiekl suwey WIII be vBnfied using informahon from 0 t h  past and current 
sampling programs on the in the area of OU 3 Obse~~ations wdl be made on species present 

and voucher specimens wll be collected Informmon will be dlected on general land use patterns 

dibut~on of plam and animal specm condfiions of the land surface soh and substrates 

boundanes of plant community types and habitats reiatKHWhipg to soll types, and the physical and 

blobgd condm of the vegetabon and hablats. Wetlands around seeps and along dmnages 

and possrbie snow acwmu&tion areas wdl be located and delineated for later quantitative sampling 
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All observations will be recorded in field logbooks and voucher specimens will be glven a unique 

identification 

The physical l ima of the proposed quantltative sampling locations will be determined A 

reconnaissance will be conducted of the vegetation small and large mammals predators, birds and 

signs of animals (tracks scat skeletons burrows etc) At sampling locations close to the RFP 
boundaries obvious signs of impacts or effects of contaminants will be recorded Observations on 

recent biological activities that may impede or increase the movement of soil or water borne 

contaminants will be noted In particular a visual survey will be made for praine dogs, ants and 

fossorial animals such as gopher which bnng large amounts of subsurface soil to the surface where 

It is distributed by wind Observations will also be made for badgers and foxes which excavate 

dens or dig in search of prey All areas on OU 3 areas will then be systematically surveyed for 

amounts and kinds of soil and subsoil disturbances by animal actmy An intensive study of these 

actlvlties will be pelformed in selected areas dunng the quantitative sampling program f warranted 

The selection of species or ecosystem components to be collected for quantitative sampling or 

tissue collection will be verfied Based on information from the other snes and DOE reports, snow 

accumulation depressions and wetland plant communities that have developed around spnngs and 

seeps downgradient of the source areas may be senssive indicators of contaminant migration via 

the groundwater pathway, or may accumulate contaminants by physical processes Wetland plant 

communlties are known to filter and accumulate contaminants such as radionuclides and heavy 

metals These wetland areas present will be examined for evidence of contaminant accumulations 

A second component that may accumulate contarninants are snow accumulation areas that may 
concentrate airborne particles 

Qualitative surveys for mammals birds and reptiles will be conducted by systematically drwing and 

walking the area on preselected routes at appropriate times Bird surveys will be conducted at 

dawn and dusk Records will be kept of species and other features observed such as numbers 

condition habitat and activities Other evidence of animals or birds including burrows scat and 
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nests will be recorded Checklists wdl be prepared pmr to the quakatwe surveys of animal and 

plant species to record survey informatm 

The results of the quaktatnre field suweys for terrestnal ecosystems will be Summanzed The 

exposure pthways Obvious indicators of stress related to contaminabon indudii pathobgiml 
Condibms such as necrosis, chlorasis, and stunting of vegetabon wdl be descnbed Other 

indicatmare dnrerSnyand abundanceofspecles in impacted areas. Revmom in the quantitathre 

spec#ic c o n d m  d the grassland snd wetland -will be d- 85 they W e  t0 

sampling phn may result from the qualaahve survey 

Quantnatnre sampling of tenestnal Bcosystems at OU 3 WII be condllcted pnmarlly to complete 

inventory of the ecosystems for a ste charactemation and to measure the eadogd coTw8quences 

of contarmnants released or resuspended from the source areas. The q -e =fwng 
program wdl rnckrde measuring kota at sewed sampling stations, measuring contaminant 
bioaccumukbon, and conducting comparative 8cdo91cB) stud- d appropriate The quantitabve 

samplmg wdl supplement q u a l i i  survey tnfomath used for characterking the ecosystem, 

#lenMying mapr plant and anmal receptors and developing exposure pathways. Qualitative 
ObSenratKnwwill continueto be recordedwhen field m a r e  mnductm - gq umitabvesampling. 

The parameters chosen for qmntmbve sampling are determined by the needs ofthe 8co(o9/c8) nsk 

asesmem In the informaton to date, the principal contaminants are plutonium and amemurn 
whlch are generally immobile in the mronment and are not bioacwmulated At the level of 

contamnabon of scnls, the ugtake mto terrestrial piants and animals would be below deAecbon 
levels The rabonale for the chorce of terrestrial organwms to sample and contaminants to measure 

Is to demorrftrate that the uptake and accumulation of known contaminants from ffP are belaw 

detection luna For this reason a p r i v  producer, above ground plant bmnass, and a primary 

consumer (herbnrore), a small mammal (microtine) was chosen as the most likely to shown 

contaminant uptake If these two pnnclpal components of the food cham do not show measurable 
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accumulations hence ecological effects, then other higher components in the food chain will not be 

affected The lack of effects can also be demonstrated by comparatwe ecology by measunng 

reference areas against comparable ecosystems components in OU 3 

Field sampling operations for measuring bioaccumulation and conducting comparative ecological 

studies in selected species are described in the following subsections The field procedures will be 

carefully integrated wrth similar ecological assessment field studies at OU 6 (Walnut Creek) OU 5 

(Woman Creek) wrth the Natlonal Pollutant Discharge Elimination System (NPDES) program at the 

RFP which assesses water qualrty of plant discharges and wrth routine monrtoring and special 

sampling events conducted by the State and EMAD Selection of sampling locations will be 

coordinated wrth other RFI/RI sampling specifically for surface water, sediment and suficial soil 

sampling locations The planning and preparation for field sampling at OU 3 will include 

development of sample and waste management protocols that are integrated wrth and in 

conformance wrth sample and waste management procedures and quallty assurance/qualrty control 

(QNQC) requirements for the Environment Restoration (ER) Program 

The field sampling program for terrestnal communrties is directed at sampling grassland vegetatmn 

wetlands and small mammal populations at selected locations on OU 3 The area wrthin OU 3 has 

a drverse pattern of Semi natural terrestnal ecosystem, development land use and the vegetation 

and associated animals due to recent and repeated surface disturbances The stations selected for 

terrestnal sampling have been tentatwely located as shown in Figure 8-7 and the sampling program 

is summanzed in Tables 8-10 and 8 11 The station locations and the selection of the vegetation 

types to be sampled will be consistent wrth the results of the 1992 spnng qualdatrve survey and will 

correspond to soil and surficial sampling locations as much as possible A reference area or areas 

selected for comparatrve studies will be sampled for similar components and parameters 

Veaetation 

Objectives The grassland communrty at the reference and sample areas will be measured for 

plant species compostion cover and productnrrty using standardzed procedures These 

OU 3 FinaV12-06-91 DENlFlATS17l003 51 



8 

I 
f 
d 

a 
“P s 

i’; 
a %  a 

i c 

a 

t 
a 
a 

e 



* - g  .L $: 
0 

8: 

0 z 
C 0 



TABLE 8=11 

TERRESTRIAL FIELD SAMPLING PROGRAM FOR 
YEQETAl", SMAU MAMIIIAts, AND WETLANDS 

OPERABLE UNIT NO 3 
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parameters give the best indication of the structure and function of dryland vegetation Plant 

species growing on OU 3 will be noted and collected for tissue analysis Shrub and woodland 

types of a size sufficient will be sampled using linear transects or a counting method for numbers 

and slzes of plants The sampling protocol will follow Section 5 10 in the Ecology SOP 

Spring and late summer data will be collected and tissues will be collected for analysis at a time to 

be determined later Data collected will be used to assess the following objectives 

0 Total plant cover 

0 Cover by perennial grasses annual grasses perennial forbs, and annual or biennial 

forbs 

0 Cover by indlvidual species 

0 Richness (number of species) 

0 Production (standing biomass in grams per square meter [g/m2] and pounds per 

acre [Ibdacre]) 

0 Height (cm) 

Sample Locations The locations for sampling grassland vegetation will correspond wlh the soil 

sampling locations wnh additional locations based on grassland vegetation types as shown in 

Figure8-7 Exact sample locations will be determined dunng the qualaatwe fteld surveys by 

inspection Reference sne sampling locations will be defined at that time rf a reference sle is 

determined to be neceSSary Wlthin the sampling area transects for vegetatlve cover and clipping 

plots for productmy will be located close to the sod sampling points or in areas of well-developed 

vegetation Quadrant locations may be rejected rf they have been disturbed or are not 

representatlve of the local vegetation Vegetation will also be sampled from S R ~ S  that are known to 
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accumulate snow, and may, therefore have higher levels of contEunkl(vlts from physical 

concmmion 

Asecondary methodforsamplmgsLlffidentquanbties o f  @ant matenal to measure plutonium uptake 

0rfollar deposipKwr i to mow an area o f  sufficient s128 to collect up to 5 khgrams of material 

sampling Int0n8ny Grassland will be sampled dunng two periods for the Task 3 sampling an 
season sample dunng late spdng-early summer and a late season sarnpl0 dunng the late 

Summer Cod-weather grasses and early-season forbs WIN be pnmanly sampled dunng the first 
samphng period Warmaason grasses and lateseason forbs will be sampled during the latter 

penod The Task 9 sampllng pemd, if needed wll occur mmediely after Task 3 sample results 
are anatyzed for comptetmess for modekng It w cntica~ that thii occur as quickly as passrMe 
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before weather makes the Task 9 sampling impossible or inaccurate or postponed to the following 

growing season Sample size will be determined at the time of sampling with species area curve 

plots and sample adequacy calculations Sample frequency is dependant on the climate (tempera 

tures and precipttation) of the year the sampling is done therefore exact sampling dates will be 

determine during the sampling season 

WQC Sample Schedule Qualrty assurance/qualrty control will following procedures defined in 
SOP 5 0 Any variance from SOP will be described and the reason exploned Quality assurance/ 

quality control for tissue sample collection will be accomplished by collection of collocated 

duplicates according to the Quallty Assurance Project Plan (QAPP) 

Sample Handling and Preservation Biomass samples will be separated by species into labeled 

paper bags and oven-dried in the bag (104°C for 24 hours) then weighted Clipped matenal will be 

maintained in the marked paper bags until the conclusion of the study Samples collected for tissue 

analysls will follow the sample preparation and packaging speclfred by the laboratory protocols for 

the selected analytes and should be generally consistent wtth SOP 1 13 

Wetlands 

Objectives Wetlands although small in size and extent, will be sampled because they are an 

important and productwe vegetation type The ecological endpoint of the wetland sampling is a 

determination of whether wetland plant tissues bioaccumulate contaminants in Surface water from 
overflow sltes underground spnngs and seeps 

Sample Locations The wetlands at OU 3 grow around the reservoirs and seeps in the drainages 

and dltches east and downslope of the RFP Wetlands will be charactenzed for location Site and 

condltion and sampled in late summer for dominant species present 

Collection Methods Samples will be taken of major wetland plant species for tissue analysis The 

growing shoots will be clipped and handled in the Same manner as the grassland samples 
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Sampling Intensity The wetlands wll be sample once dunng the growmg season to coincide with 

the greatest penod of productwity, generally &nng late summer 

Objadvm. Small mammal popumom wll be sunreyed to d e t m  habitat use and relative 

abundance The resultswU be used toselectspecles to be collected fortissue analysts The data 

wll be used in developrnent of pathways models and the exposure assesment for comrnunny 

evaluatm, endpoints wll include 

Small mammals, partrcularly rmcrobnes - wll betrapped becausethey are pnmary consumefs of 
vegetabon and form the basis forthe link to the htgher levels in the food cham leading to top 

carnivores Atternate species that may be collected formwe analysis are pram8 dogs or pocket 

gophers, because they live on and m the soil and may be directly exposed to contaminants 

The contaminants to be sampled in small mammals are the dionucl i i  that are known 
contaminants in OU 3 (Table 8-10) These contaminants wII be indicraive of the condmon of thrs 

important trophic level 
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Sample Locations Sampling locations will coincide with vegetation sampling plots for tissue 

analysis in areas of suspected contamination and in reference areas where appropnate These 

locations may be modtfied based on results of the qualltatlve field surveys conducted in the late 

spring Systematic sampling for population densaies and conditions will not conducted due to the 

large area involved, lack of control on offslte properties, and the dlversity of the habnats The 

locations of sampling sltes will be chosen to represent the habaat types determined during the 

qualltatlve surveys 

Collection Methods Small mammals will be collected using the Ilve-trapping techniques described 

in SOP 5 6 Traps will be lad out in a systematic patterns to adequately sample a habnat The 

traps will be run for four consecutlve periods during the early evening or until an adequate number 

of animals is trapped Animals trapped will be recorded for species weight, sex and breeding 

conddion Obvious signs of environmental stress will be recorded 

Tissue samples will be collected d determined necessary from grids corresponding to vegetation 

transects in areas of known contamination To collect indlviduals for tissue analysis each indlvidual 

of the designated target taxon will be randomly assigned to a particular analylical suite COllectiOn 

will continue until all of the required sample quantlty is obtained If composrte samples are required, 

each individual will be randomly assigned to a sample and collection will continue until SIX samples 

of the appropriate quantity are obtaned If multiple trapnights are required to obtain adequate 

sample quantty, indlviduals will be frozen as soon as possible but wlthin four hours of Collection 

Tissue sampling will occur in late summer or fall after the conclusion of the Ilve trapping program 

Only adult males and nonlactating females mammals will be collected Reference areas may be 

used in the tissue sampling section of the study d necessary and appropriate 

Sampling Intensity There will be two trapping periods the first in midJune for early Season 

populations and one in late August to determine changes in concentrations from the seasons 

activlties Each sampling sulte will be run for a least four consecutive nights 
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WQC Sample Schedule Quality assurance/quality control wiH folhng procedures defined in 

SOP 50 Any vanance from SOP wll be described and the reason explaned Special attention 
must be to minimlze chance of harm to the animals not mended fortissuer anatyss and to 
avoid injury to the workers from animal Mes or scratches 

Sam* Handllng and P- Anlmals cdlected for tissue analysrs mn be SaCnficBd by 

placrng into a sealed conta~ner with coeton saturated in Metafane, inducing hyputhermm, or ceIvjcBJ 

sepambon The dead animal will be placed in aglass sample container in a coderwnh Blue or dry 

ICB for up to 4 hours After 4 hours, the samples must be shipped to the anafytrcal laboratory or 
place in afreezerovemght or untd shfpped ~abekng, handlmg, and shlpplng of small mammalsfor 

labotatory analyss should be generally consistent wffh SOP 1 13 Samples collected for tWSUB 

analyss must follow the sample preparatron and packaging spsclfied by the laboratory pratocdsfor 

theselected analytes Animalsselectedfororgan anaiysiswifl be dissected pnortotssueanalysis. 

T.mdrw Sampling Mrtrbc 

A preliminary actMty summary has been consmcted in Table 8-10 that COntLllns purposes (tissue 

quantitabve or q u a l m  community analysis), analyses, locadions and numbers af samples, and a 

rat~~nale for each taxon A more compleze table Mi be conshvcted after the sampling schemes is 

fully determined A plelwmnary rnatnx has been developed and IS presented in Table812 for 

sampling handling technqws 1 

The aquabc ecology sampling program will have two major obpct~~es (t) Charademe aquae 
communities and couple this Wormmon * vnth soil, surface water, and sediment to conduct rtsk 

assessment based on the dose-response and comparison to cntem approaches, and (2) acquire 
the data necesarytomeasure ecdogd effects of contam#lantsthatcannot be- by the 
dose-response and comparison-to-cntena approaches In general, the aquatlc sampling program 
mll provide data necessary to compare aquatic communibes at impacted and reference areas, to 

OU 3 FinaU12.0691 DENlFlATSl7JW3 51 
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TABLE 8-1 2 

HOLDING TIMES PRESERVATION METHODS, AND 
SAMPLE CONTAINERS FOR BIOTA SAMPLES 

SAMPLES FOR METALS ANALYSES 

bnthkMacroinvertebrates Fhh 
Metals Determined by ICP 6 months 

Metals Determined by GFAA 

Hexavalent Chromium 

Mercury 

SAMPLES FOR RADIONUCLIDE ANALYSES 

Terrestlw vegetation 

Uranium233 234 235 238 6months 
Americium241 
Plutonium-239/240 

Amencium-241 

Freeze and ship wlth Plast~c 

Freeze and ship wrth Plast~c 
dry ice 

Freeze and ship wth Plast~c 
dry ice 

Freeze and ship wlth Plast~c 
dry ice 

dry 

Freeze and ship wth Paper bag inserted into 100 g 
dry ice plast~c bag and d e d  

Periphyton, Benthic M.crdmmrbbmt@s, Fish 

Uranium233 234 235 238 6months Freeze and ship wth Plast~c 

Plutonium-239/240 
Amencium-241 dry Ice 

Notes ++ = Sample Sne may vcuy wrth speck laboratory requirements 
"ICP = lndumely Coupled Argon Plasma Emission Speetrosmpy 
+GFAA = Graphlte Furnace Atomic A h w o n  Spectroscopy 
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measure toxlclty dlrectiy, and to measure bioaccumulatbn o f  selected contaminants in benthic 

macrolnvertebrates and fish 

Samphng of aquatic b m  will be scheduled along with surface water and sediment sampling so 

both the abKltic and bmbc components ofthe sampling locations can be described Also, sample 

methods and prwtowls used at the offste OU3 will be similar tothose used at the orwite OU 5 

(Woman Creek) and OU 6 (Walnut Creek) to mantain continuity between the stud= on these two 

watersheds 

As descnbed in S&semom823 and 829,  the aquatcsampling program wdl be dnrided into a 

qualttabve field survey in the early spnng, followed by quanwatlve ' sampknge~e~~performedby 
t a x m ~ c  group, in the springbummer and summer/fall time per- In addim the quabtwe 

survey work Hnll be repeated duting the quantitatnm sampling events to increase the overall data 

base and supply seasonal Mogtcal data. 

The tnml quaktetnre field survey wll be conducted in the sprmg of 1992 to supplement data 

o m  dunng the October 1991 initial a t e v i a  These datawll be used to identify aquatc tmta 
and hab- to characterize aquatic communnieq to select a reference ate, and to acquire data to 
further define the conceptual model o f  contaminant transport to squaw ~ e c ~ p z o ~ s  The 1991 inibal 

sire MSA was used to confirm the sampling locatEons and protood for the quantitatrve sampling 

efforts The 1992 qualitatrue surveys MU be conducted along Woman Creek Walnut Creek and 

Mower Reservoir Dltch above and below the resetvars to olrtarn seasonal data. Wetlands adjacent 

to the creeks will also be included. Sectlons of Rock Creek and/or the upper end of Woman Creek 

that are phyacally and ecalogfcalty simhr to the OU 3 samplmg areas wdl be surveyed dunng the 
spring, when water IS present to identny appropriate reference statmns for the quantmwe samphng 
on intemnttent creeks A small reservar reference location will be 'tdentified to sew as a reference 

comparable to Mower Reservoir Qualimve surveys wil also search for seepage areas where 
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groundwater may be entering the surface water system During the inltial srte visa in October 1991 

the area was very dry 

The qualaatwe survey of the reservoirs will be limded to sampling a few shoreline areas, especldb 

where creeks flow into the reservoirs Shoreline profiles and near shore substrates wdl be described 

and areas of aquatic vegetation, If any will be located 

The physical charactenstics of stream sections (including the Broomfield Dwersion Dltch) and ponds 

will be documented in the field logbook and on field survey maps during the 1992 qualltatlve 

surveys, similar to the 1991 inltial slte visn Descnptwe parameters such as stream width and depth, 

water veloclty bottom substrate bank vegetation proportion of undercut banks and channel 

morphology will be recorded In sltu measurements of water temperature, speclfic conductiwty and 

PH will be taken wlth field instruments along the creeks and at seeps to document potential 

Contaminant and/or groundwater inflow Measurements will be taken above and below locations 
where surface water enters the creek and above and below locations where there are indications of 

possible groundwater inflow (e g a change in turbidlty) or environmental stress (e g an increase in 

filamentous algae) Since the creeks were dry during the 1991 inltial slte vislt the descnptlve 

information descnbed above could not be collected at that time 

The biological characteristics of stream sections, ponds and seeps will be descnbed using three 

techniques 

1 Qualnative observations of filamentous algae slimes aquatic macrophytes, and vertebrate 

and invertebrate animals 

2 Qualitatwe sampling of fish wlth short seines and dip nets 

3 Sampling of benthic macroinvertebrates utillzing the Rapid Bioassessment Protocols (RBP I) 

developed by the EPA (1989b) for cost effectwe assessments of logic systems 
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Ffsh collected by se~nes and dip nets will be ideMmed measured (total length), and released 
Abnormalities such as fin rot, l m  and external parasites unll be recorded 

The RBP I reconnaissance asesmmt technique for benthtc macmnvertebrate communities wll be 

used to descnbe the mrnmms m Mower Reaervolr and wee& sWms r f  adequate benthic 

populatms are present The RBPI method focuses on quahathe sampling of benthos, 

supplemented by a preliminary examinahon of other aquabc blata such as periphyton macrophyt6s 

fish, and slimes Standard field data sheets wll be used to rBcord the relatlve abundance of macro- 
invertebrate orders (tarmlms for Megaloptere and Dpfem), occumme of penphyton, algae, and 

aquatic macrophytes (piants), abundanceoffish by speclea, and water quality measurememts 

The occurrence of paternal contarmnadlon along Wornan and Walnut Creeks and the Smart Ditch 
within OU 3 will be defined based on results of field water quality msasurements obsendons of 
obvlouscontarm 'nant impads such asstressed vegetation orabsenoeofaquatic organisms, and 

~ K A  indicators. Some examples d bldogical mmors d u d e  changes in speaes dwerSity 

absence of pdluhon-sensltive taxa or dominance of pollutron-t- taxa, and abundance of 
fihmentousalgae 

Quantnatnre sampling of aquatic communitms at OU 3 vvlll be CondLICcBd pnmanly to characterize 

~ I C  macroinvertebrates, and fish populatnns at impacted and reference (nonimpacted) 
locations, to measure cmtammm bioaccumulation in bentcuc macroinvertebrates and fish, and to 
determine n creek and resenrdr water at selected locations IS toxic to fathead minnows and C e m  

d8phna The quantitabve field samplmg program will be carefuay integrated with stmilar ecological 

field programs at OU5 and OU6, with the ongoln~ Nat~onal Pollutant Discharge 
Elimmation System (NPDES) morutonng program that ssesses water qualii of plant discharges, 

and wnh routjne monitonng and special sampling events conduc€ed by the RFP Environmental 

Mon~tmng and Asesmmt Drvlsion (EMAD) The sampling procedures Wrll follow, where 
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appropriate, the Volume V Ecology SOP for sampling periphyton, benthic macroinvertebrates, and 
fish (EG&G 1991 b) 

Sampling of the periphyton communlty will be llmaed to qualltatrve studies to characterize the types 

and relatrve abundance of penphyton types Penphyton 

communrties are poorly developed in the creeks because they are dry much of the year 

Quantrtative sampling in the creeks would likely reflect the influence of the dry seasons much more 

than any potential impact form RFP contaminants The periphyton communrty in the reservoirs is 

expected to be limned because the lake bottoms are primarily fine sands and silt Also the 

reservoir penphyton community is influenced by the water quality in the reservoir and the major 

source of the water is not the RFP Periphyton in the lake will be sampled using artificial substrates 

and the analyses will be limlted to measures of colonization rate and a qualnative charactenzation of 

the types and relative abundance of periphyton groups present 

No quantltative analyses are planned 

Zooplankton and phytoplankton communlties will not be sampled at OU 3 These communlies are 

not expected to be present in the ephemeral creeks in the area Zooplankton and phytoplankton 

communrties should be well developed in the reservoirs but these communrties are expected to 

respond primarily to natural vanations in temperature turbidrty nutnent cycling, etc , rather than to 

potential contaminants from the RFP This IS expected because (1) Over 90 percent of the water in 

Great Western Reservoir and Standley Lake comes form the Clear Creek watershed via canals 

rather than from areas draining the RFP (2) the water quality data from Woman Creek and Walnut 

Creek stations along the downgradient boundary of the RFP (the upgradient boundary of OU 3) 

indicates that the water in these creeks over the last few years has been of relatively good quality 

(EG&G 1991 e Subsection 6 2 of ths RFI/Rl Work Plan) (3) phytoplankton and zooplankton have 

relatrvely short lrfe cycles and high reproductwe potentials and thus are capable of rebounding 

quickly from natural or unnatural stresses and (4) recent studies of phytoplankton and zooplankton 

populations in Standley Lake indicate that the population dynamics are probably controlled by 
factors other than contaminants from the RFP 
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Field sampling procedures for aquabc emlogy sampling are described in the followcng subsections 

The samplmg locabons are summanzed in Table 8-13 and shown in Figure 8-8 These locations 

may be modmed sltghtly based on the qualitawe sunrey results scheduled for sprrng 1992 As 

indicated in Tabk 8-13, the most upgradlent aquatic 8coIogy sampling Stations on Woman Creek, 

Mower Ditch, and Walnut Creek for OU3 are the same Sabons used forthe most downgradient 

stat~~ns m OU 5 and OU 6 if pogsible, these three statms will be sampled so that the data are 

available for all three ous vvlthout dupbcating field effort 

0 Document the drsmbUtKKl and seasonal abundance of periphyton, benthos, and fish 

Collect data to define contaminant pathways to aq- receptors 0 

0 Measure uxllcators of impact (ecological endpo~nts) in aquabc papulatlons at 

impacted and reference locations 

0 Measure toxicity o f  surface waters to fathead minnows and Cmd8phima 

0 Measure bioeccumulation of selected contaminants in benth~~ macmnvertebrates 

andfish. 

Objectha Periphyton communmes in OU 3 creeks are expected to be poorly developed and 
influenced by the ephemeral nature of the creeks water may be present for only 2 to 4 months 

dunng the year Therefore, only quaIWve d e s c n w  of creek penphyton commun&es wll be 

obtained. Periphyton communitleg in the three mavoirs will be compared to one another and to 

penphyton communibes in a reference resetvoir to see f the water quallty in potent~aily impacted 0 rese~olrs influence cdonim o f  periphyton or arMiclal substrates 
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Sample Locations Penphyton communities will be quaiitatwely evaluated at SIX creek stations and 

quantitatively assessed at eight OU 3 reservoir locations and at two reference stations (Table 8-13) 

Collection Methods The following collection methods will be used to obtain samples 

1 Qualitatbe Creek Samples Qualitatwe penphyton samples will be collected by 

scraping these aquatic organisms off hard natural substrates, using equwalent 

surface areas and similar substrates at the drfferent locations as much as possible 

Water quallty data such as temperature specfic conductivity, and pH will be 

collected as per SOP No 4 2 Samples may also be collected at seep areas if there 

is enough water to support periphyton growth 

Periphyton samples will be scraped from approximately 2 square in of substrate, 

transferred to a pre-labeled sample vial with distilled water and preserved The 

surface area scraped will be measured and recorded Flow condnions and other 

physical and biological characteristics of the sampling location will be documented 
in the field log 

Penphyton samples will be analyzed for relatwe abundance of major taxa (generally 

Dwisions) and proportions of pollution sensitwe and pollution-tolerant taxa 

Qualitatwe estimates of total periphyton abundance w ~ l l  be noted in the field log 

Since total mass of periphyton samples at each station is expected to be low these 

samples mll not be analyzed for contaminants Potential for bioaccumulation of 

contaminants will be nvmgated using benthic macroinvertebrates and fish 

2 Quantitative Reservoir Samples Periphyton samples in Great Western Reservoir, 

Mower Reservoir Standley Lake and a reference reservoir will be collected using 

artrficial substrate samplers as described in Ecology SOP 5 1 The samplers wll be 

DENFIATS1 7/003 51 OU 3 FinaVl2-06-91 



established at two or three locations in each resBIvolr in late spnng or summer for a 

2O-daypenod Thepenphytonsamplerswillbeplacedatnearshorelocatronson 

an anchor and float assembly to m m n  the samples at aset distance bekw the 

vvatersurface 

The artifictal substrate samplers will be set and tw&iwed according to the pratocd 

quality data and the physrcal charactenstics d the sample site will be recorded 

will beanalyzedfor b m ,  algal derwity, andtexonormc id8Mcabon 

insop51 lheywllbecheekedpe~andreplacedfneoessary water 

w h e n t h e ~ a r e s e t a n d r e t ~  Thesequantaatnreperiphytonsamplea 

Sampling Intmslty Qualltatnrecreek perrphyton samplesmll be cdlected at &week StatKWw in 

the spnng seasonal sampling will not be conducted because the creeks WiU be dry during the late 
summer and fak Penphyton samples will be scraped from approx~mateiy 2 square in. of substrate 

ateachstabons 

WQC Sample Goheduk No WQC samples are planned for the qualitative sampiing in OU 3 

creeks. Far quantnative sampling in the reservoits, collocated samplers wll be established at one 

locatton in Mawer Reservorr and in the reference resewnr for QAlQC Appmpnate labomtoy 
duplmte samples wll also be analyzed 

Sample Handling a d  Preaenmtlon The periphyton samples will be odfectgd as per SOP 5 1 

samplesfortax~icldentificakon WIH be placed m pteiabeled bottles and preserved in 5 petcent 

neutral formalin B~wnass slldes Will be placed in separate pretabeled bottles and preserved in 
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5 percent formalin All samples will be placed in a cooler then returned to the lab and stored at 

10°C 

Benthic Macroinvertebrates 

Objectives Benthic macroinvertebrates are the most common fauna used in ecological 

assessments of contaminant releases or pollution discharges They are defined as the aquatic 

invertebrates that are large enough to be seen without magnrfication and capable of being retatned 

by a U S Standard No 30 sieve (0 595 mm openings) 

Benthic macroinvertebrate samples will be analyzed to characterize the benthic communtty at each 

station and subsequently used to compare ecological endpoints at impacted and reference 

IOCatiOnS The potential for contaminants to accumulate in living organisms and be transferred 

through the food chain will also be investigated using benthic organisms The macroinvertebrate 

Cerrodaphnra will be used to test the potential toxiclty of creek and reservoir water using standard 

t0XlClty tests 

Sample Locations Benthic macroinvertebrates will be collected at all eight creek stattons one 

reference station ten reservoir stations and potentially two seep stations (Table 8-13 and 

Figure 8-8) 

Collection Methods The flow condrtions and other physical and brological Characteristics of the 

sampling station will be documented in the field log Field instruments will be used to collect bast 

water qualw data Qualrtatwe statements regarding the Occurrence of periphyton algae 

amphibians, and fish will be recorded All samples will be numbered and labeled as they are 

collected as per SOP No 1 13 

The benthic communlties in the creeks will be sampled following high flow condrtions in the spring 

In shallow flowing creek stations benthic samples will be collected using a 1 square ft Surber 

Sampler wrth 352 micrometer mesh net Triplicate samples will be collected wlthin a 25m creek 
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segment, as per SOP No 52, m n g  upstream as replicate samples are taken Each replicate 

sample wrll be transfened directly into a separate sample cmta~ner, presenred in 70perceM 

ethanol, and labeled as per SOP No 1 13 At reservoir statums, aipllcate samples will be taken wbh 

an Ekman or Ponar Grab These rope-suspended samplers are triggered wtth a messenger or close 

when they hit bottom, and are suited for sampling the mud and fine gravel substrates expected at 
these StadKHIS Each triplicate sample will be transferred from the sampler direcyl to a field wash 

bucket with a No 30 Sieve mesh (or smaller) washed thoroughly, transferred to a sample contamer, 
and preserved Large rocks and twigs can be discarded after organisms are twnd-plcked or 
washed into the bucket with a water spray 

At stat- where addltlonal biomass is needed for contaminant analysis samples (see Table 8-16) 

additional macroinvmebrates wdl be collected with dip nets, kick nets, or the Surber Ponar, or 

Ekman sampler Sampling will continue until sufficient biomass of some of the dominant spec= are 

obta~ned These samples wii be washed in the field, placed in sample containers and kept on ~ce 

Benthlc macruinvertebrates mll be collected from all aquat~c sampling stations (Table 813) In 

cases where the hatntat does not allow quarmtattve sampkng, quaktaaive samples will be collected 
wrth dtp nets and by grab samples of substrate and coarse particulate organlc matter (CPOM for 

example, reaves,wgs, and plant-) 

Benthlc macroinvertebrate samples at each statton will be analyzed for genera present, species 

dnrerslty, total number of organisms by taxa, and the proportmn d pdlutloktdetant or pollution- 

ser\smve taxa The relabve abundance of scaper filter collector and shredder funct~~nal groups will 

also be determined @PA, 1989b) The data from quantaatnre samples mll be used to determine 

macroinvertebrate dens9 (stand~ng crop), taxa richness, species dwersity, ram of scraper, filter 

cdlector, and shredder functional feeding groups ratio of polluhon-tderant and pollurron-sensltlve 

taxa, and community similarity indices 

Sampling Intendty Benthlc macmnvertebrate samples at the aght creek stations will be sampled 
dunng the spring, after the creeks have had relatnfely consistent flows for 2 to 4 weeks (Table 8-13) 
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Tnplicate samples will be taken at each sample location, as described in the preceding subsection 

Seasonal samples will not be taken in the creeks because they are expected to be dry in the 
summer and fall 

Benthic samples from the three OU 3 reservoirs and the reference reservoir will be sampled in the 

spring and late summer Samples will be collected at three stations at Mower and Great Western 

Reservoir four stations at Standley Lake and two or three stations at the reference reservoir 

(Table 8-13, Figure 8 8) 

WQC Sampling Schedule Tnplicate samples will be collected at each station Each replicate 

sample collected wtth a Surber sampler will be transferred directly into a separate sample contamer 

preserved in 70 percent ethanol and labeled as per SOP No 1 13 Each tnplicate sample collected 

wrth an Ekman or Ponar Grab w~ll be transferred from the sampler directly to a field wash bucket 

wRh a No 30 sieve mesh (or smaller) washed thoroughly, transferred to a sample container and 

PI'eSerVed SIX replicate samples will be taken at one creek station and two reservoir stations dunng 

the spring sampling for QNQC and check the adequacy of tnplicate samples 

Sample Handling and Preservation Decontamination will be performed before and after ail 

sampling and data collection actwrties as described in SOP No 1 3 General Equipment Decon- 

tamination SOP No I 6, Handling of Personal Protectwe Equipment, SOP No 1 7, Handling of 
Decontamination Water and Wash Water and SOP No 19, Handling of Resdual Core and 

Laboratory Samples 

Benthic macroinvertebrate samples for taxonomic identlfication will be processed in the laboratory 

by nnsing the sample in fresh water (US Standard No &mesh screen) and transfefTing the 

sample to a shallow whte tray Benthic organisms will be separated from the debns with forceps 

using a table-mounted magnlfier and placed into sample vials of 70 percent ethanol The Samples 

will be analyzed by identrfying the organisms to genus (wtth some exceptions such as chironomds) 

and counting the number of indnnduals in each taxon ldentlfication and enumeration wrll be made 
using dissecting microscopes 
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Benthic m8croinvertebrate samples for bssue analysis will be CHISBCI in the field and kept in 
fresmvater in an ice cooler until they are returned to the latxxatory The samples will be sorted in 

the laboratory to obmn sunable quantities of sekted inset orders, and the samples will be frozen 

1 

Fkh - 

Objucthm The purpose of the fish invemgatm IS to evaluate fish cOmmunRIss in the three OU 3 

reservoirs and at a reference iocsrtion to determm if contaminants are twoaccumuiaSmg in fish 

~ISSU~S tothe extent that they pose a hazard to the fish itsetf, predaaors, or human corrsumets The 
fish populabons M the three ou 3 tesQNolrs and the reference m a r  wdl be characterited to 

determine relat~~e abundance of species, food web rebhonshrps, and the potential value ofthe fish 

pqmktms for recreation Fish populations in the creeks will be sampled only qualitatively because 
of the ephemeral nature o f  the creeks No resident fish poputations are expeczed at the creek  
mplmg locabons (Flgure M), except at Big Dry Creek below standlgr lake (Station WO3) At thls 

location, the fish community mll be influenced more by Standley Lake releases, predominately water 

from sources not influenced by the RFP Creek and reservoir watsr Wrll be collected from fsh 

sampling kcat#xrs to detemne if these waters are tomc to fathead mmnuuvs 

SampHng Locations Fish communities will be sampled seven creek st8t10ns, ten resetvow stations, 

and at the reference resenmr (Table 8-13) The Broomfield Diversion will not be sampled because 

thrswater body is frequently dry and 16 nata natural creek. The sample statsans for fisheries work 

will bethe same 10- to&meter creeksegme~~, orshorelrne and deepamas n resewoils, used 

for benthic sampling 

CdWIon Methods Fish wlfi be collecred by ekmfkh~w OT sahnng slmilar-smd creek segments 
(SOP No 54) and reservdr shofehne areas, and by setting g l  nets at resenmr sta$ons All fish will 

be idenMied and counted, and the phvslcal charactenstics of each samphng locatm Will be 

documented to assess the influem of Pprvsical features on fistng success and habftaa. Water 

quality data will be taken according to SOP No 4 2 Fish sampling where appropnabe, will follaw 

SOP No 5 4  The physical characterisbcs of each sampling stationwll be described in the field log 
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and conditions which may influence catch success will be recorded 

measurements will be taken with field instruments at each sampling station 

Basic water qualrty 

All fish will be identtfied counted and measured and dominant species will also be wetghed The 

fishenes data will be analyzed for relatwe abundance catch per-unit-effort statistics, and the relatnre 

proportions of herbworous Camworous or omnworous species Scale samples may be Collected 

from the most common species to determine growth rates age classes and mortaltty 

Ftsh will be collected from all stations dunng the spring-early summer penod and at the reservoir 

stations again in summer-early fall All fish will be released back to the reservoir, except for a IimRed 

number of reference specimens small fish that cannot be identified in the field and indtviduals 

collected for tissue analysis Precautions will be taken so that the sampling effort itself does not 
produce an impact on fish populations 

Collecting fish with backpack and boat mounted electrofishing equipment will follow SOP No 5 4 

and field data will be recorded on the standard SOP forms (e g Form 5 4B, etc ) A standard 

sampling time mll be used at creek and lake stations to maintain comparabrltty between stations 

The shallow shoreline stations at the three reservoirs will be sampled by electrofishmg, and the deep 

and shallow reservoir stations will be sampled by gill nets The gill nets will be set on the bottom 
using procedures similar to CDH s fishenes studies on Standley Lake (CDH 199Oc) Fish mll be 

removed at 4- to 12 hour intervals, depending on catch rates Sampling details for shoreline 

electrofishing and gill netting are gtven in the SOP Procedure Change Notice in Subsection 11 3 of 
this RFI/RI work plan 

If possible minnows and/or sunfish will be collected for tissue analysts at all stations In the 

reservoirs sport fish such as walleye, smallmouth bass and channel catfish will be collected in 
addition to minnows and sunfish, to determine tf bioaccumultion is occurnng and to provide data 

for the human risk assessment Large fish of other species, such as bullheads will be kept d more 
biomass is needed for analysis 
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Sunfling Intensity Qualitatnre fish sampling wii be conducted at creek stations in the 

spnng (hbIe8-13) The creeks are expected to be dty in the summer and fall Fish will be 

collected from a 10 to 25 meter creek segment. Quamame fish sampltng m the resenrolrswill be 

conducted at three or four smom In each afthe W 3 r~58~ovs and attwo to four stabom in the 

refemme rese~oir The resenroirswilI be sempled in thespriq-summw and W n  in late summer- 
fall (TWeSl3, Fwre 8-8) Fish will be oollected by electrofisharg all shoreline statkms and by 

g ~ ~ b o t h s h o r e l l n e a n d d e e p ~ s t a t l ~  

For fish tlssue analys~~, duplicate samples mll be taken at Mower Resenrdr and at the reference 

reservoir Also, as a normal procesang rout~ne, nght and leftfllletsfrom each fish will be handled 

separately so these can be submitted to the laboradory as duplicates, cornposited in different 
comlDlnadions dependins upon catch success so adequaaetissue mass is awa~labk, or pteprrred as 
separate samples for two laboratories ( i i l c  analysis and r a d i i i d e  analyses) One or two 
specles 04 nonspon hsh WIn ab0 be collected for whole-body rrnalyses uver samples wtll be 

Cdiectedfrom Individuals OQ two fish spedes to detennvle I cocs accumulate more in liver tissue 

than in muscle twsue 

Sample Handling .nd Prwenmth Flsh kept for identification or reference wdl be preserved in 

70 peroent ethanolor 10 percent formalin, and fish keptfortwsue analysis will be put on MX Ffsh 

samples will be pIocessed immedrately AH fish will be Identmed, counted, and measured (total 

released back to the creek or resmoir Data will be recorded on standard fieM data sheets. Small 

indnnduals may be kept for -on m the Mxmtoty 

lengtht0theneateStmm)inthefield Dominantspeciegwill~beweighed Magtfishwllbe 
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Fish retained for tissue analysis will be kept on ice in the field after the inRial processing and 

transferred to cold storage in the laboratory as soon as practical These fish will be processed in 

the laboratory wlthin 24 hours Sport fish species will be filleted as the normal processing 

technique plus some individuals of the most common sport species will be prepared as whole body 

samples Tissue samples will be wrapped in plastic or aluminum foil labeled and frozen The 

samples will be maintained at a temperature near or below 0°F until they are shipped to the 

laboratory Samples will be shipped on dry ice 

Aquatic Sampling Matrix 

Table 8 13 summarizes the sampling locations and frequencies for aquatics This table shows the 

sample stations the aquatic communeies that will be sampled at each station and where tissue 

samples for bioaccumulation and water samples for toxiclty tests will be collected Table 8-14 

summarizes the entire aquatics program by presenting the purpose types of analyses and rationale 

for sampling the aquatic cornmunlties periphyton benthic macroinvertebrates, and fish 

8 4  SCHEDULE 

An approximate schedule for conducting and completing the work outlined in thrs EEWP is 

presented in Figure 8-9 This schedule is also integrated wlth the flow diagram presented in 

Figure 8 1 on the interrelationship of the tasks and subtasks Decision points in this schedule for 

the timing of and necessity for a task have not been determined However, the process for these 

decisions is included in the work plan 

Seasonal changes and weather patterns profoundly affect the required timing and resuits of 

ecological field sampling The general timing of field actiwties will be Subject to change in 

relationship to the seasons The exact timing of the field sampling activities are dependent on 

rainfall and temperature during the growing season and the preceding winters precipitation To the 

extent possible this timing will be adjusted to take into account these weather related factors 
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9 0  SCHEDULE 

A conceptual schedule for conducting the OU 3 RFI/I?I is summanzed in Figure 9 1 The source of 
the RFI/RI duration IS from the IAG The actual due dates for the RFI/RI Reports have been revtsed 

from those presented in the IAG EPA has approved these schedule modfications According to 

the schedule approximately 2 years and 1 month will elapse from the time this work plan is finallzed 

until the RFI/RI Report is issued 
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INTRODUCTION AND SCOPE 

- 
This Quality Assurance Addendum (QAA) supplements the "Rocky Flats Plant Site-Wide Quality 

Assurance Project Plan for CERCLA RllFS and RCRA RFIlCMS Activities" (OAPJP) for field 

investigation activities described in the Phase I RFI/RI Work Plan for Land Surface Great Western 

Reservoir Standley Lake and Mower Reservoir (designated as Operable Unit IOU1 No 3) dated May 

1991 (OU 3 Work Plan) 

OU 3 is comprised of four Individual Hazardous Substance Sites (IHSSs) The four IHSSs that 

make up OU 3 as designated in the Interagency Agreement (IAG) are IHSS 199 Contamination 

of the Land Surface IHSS 200 Great Western Reservoir IHSS 201, Standley Lake and IHSS 202 
Mower Reservoir OU 3 is unique among RFP OUs in that it is located entirely outside the 

boundaries of the RFP The locations of each of these IHSSs are shown in Figure 2-1 of the OU-3 

Work Plan 

IHSS 199 Contamination of the Land Surface specifically targets off-site soil contamination as a 

result of releases from RFP As presently defined this IHSS includes all soils outside the RFP 

boundary that have been contaminated by releases from the RFP The extent of offsite soil 

contamination as a result of RFP releases has not been conclusively defined Therefore, the 

boundaries of IHSS 199 cannot be delineated However based on the results of past studies IHSS 

199 is most likely limited to areas downwind of the RFP primarily to the northeast, east and 

southeast The primary contaminants of concern are plutonium and americium A soil sampling 

program has been developed as part of the OU 3 Field Sampling Plan (FSP) in order to characterize 

the vertical and lateral extent of soil contamination 

IHSS 200 includes Great Western Reservoir offsite portions of Walnut Creek and downstream 

surface water features that may be impacted as a result of outflow from the reservoir IHSS 201 

includes Standley Lake offsite portions of Woman Creek that flow into Standley Lake and 

downstream surface water features IHSS 202 includes Mower Reservoir offsrte portions of the 

irrigation ditch that feeds the reservoir from Woman Creek, and downstream surface water features 

possrbly impacted by outflow from the reservoir Field sampling associated with these three IHSSs 

86600364 004 
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includes collsang samples of sediments surface water, groundwater and aquattc bmta Discrete 

air sampling wdl also be conducted in low lying areas of Great Western Reservoir and Standley 

Lake where reservoir sediments are exposed 

1 0 ORGANIZATION AND RESPONSlBlUTlES 

The overall organimon of EG&G Rocky flats and the Enwronmental Management Department 

(EMD) divisions involved in environmental restomon (ER) actrvms is shown in Sechon No 1 0 of 

the QAPjP Spec& responsibilmes are also described in dmil  in Seeion No 1 0 of the QAPjP 

Contractors wdl be tasked by EG&G Rocky Flats to implement the OU-3 Work Plan The spec& 

EM Department personnel who will interface with the Contractors and who wdl be auttronzod to 

provide technical dirmon are shown in Figure 1 

2 0 QUAUTY ASSURANCE PROGRAM 

The QAPJP was wntten to specifically address QA controls for related act~v*kes The content of 

the QAPjP was dnven by DOE RFP SOP 5700 6B, whtch requires that a QA program be 

implemented for aN Rocky Rats Plant (RFP) activmes based on ASME NQA-1, "Quality Assurance 

Requirements for Nuclear Facilmes," as well as the IAG, which specifies that a MPjP for IAG- 

related actlvmes be developed tn accordance wnh EPA QAMS-005/80, "lmertm Guidelines and 

Speclficaaons for Prepanng QAPJPs " The 1 Wement format of NQA-1 was sedected as the basis 

for both the plan and subsequent OAAs wrth the applicable elements of EPA QAMS-005/80 

incorporated where appropnate 

The QA controts and requirements addressed in the QAPjP are appllcoble to OU-3 Work Plan 

activrhes unless OtheMnse spectfied in ths QAA As a supplement to the QAPJP, this QAA 

addresses addmonal and me-specrfic QA controls and requtramemts mat are applicable to OU-3 

Phase I actrvrtles 
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FIGURE 1 PROJECT MANAGEMENT FOR OPERABLE UNIT 3 
PHASE I 
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2 1  Trahng 

All personnel (including contractor personnel) shall complete the onen- and personnel training 

specmed in Sectton No 2 0 of the QAPjP Addrttonal training is required for all personnel 

performing acbvmes in accordance vmh the EMD O m n g  Procedures (OPS) specified in this 

QAA The EMD OPS on, also rderred to herein and in the WPjP 8s Standard Operatmg 

Procedures Those personnel shall reeive training in thio M A  and the appimble SOPS pnor to 

performing the work 

2 2 Quality Assumce Fbports to Mananemem 

A QA summary report wll be prepared annually or at the conclwion o f  these activtMw (whichever 

IS more frequent) by the QAPM or designee The QA report will include a summary o f  fieid 
operaQon surveillances and audtts, laboratory surveillances and audns, and a report of data 

venfication/validstron results 
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3 0 DESIGN CONTROL AND CONTROL OF SCIENTIFIC INVESTIGATIONS 

3 1 Design Control 

The OU-3 Work Plan is the design control plan for the OU 3 RFI/RI Phase I investigations The OU 
3 Work Plan specifies the ObjeCtiVeS of the investigations discusses the development of data 

quality Objectives applicable to those investigations describes the design of the field sampling 

program provides the rationale for the sampling and analytical programs and discusses and/or 

references the proposed sampling and analysis methodologies The OU 3 Work Plan will be 

reviewed and approved by the EG&G Rocky Flats Remediation Programs Manager DOE Rocky flats 

Office the EPA Regional Administrator and the Director of the Colorado Department of Health 

(CDHI prior to  implementing the work described in the work plan Once the OU 3 Work Plan has 

been reviewed and approved any changes to or revisions of the work plan will also be reviewed 

and approved by those organizations that reviewed and approved the original work plan 

3 2 Data Quality Objectives 

Data quality Objectives (DQOs) quantitatively and qualitatively describe the uncertainty that 

decision makers are willing to accept in results derived from environmental data This uncertainty 

is used to specify the quality of the data required to meet the objectives of the investigations The 

process of developing DQOs for remedial investigations is summarized in Appendix A of the QAPjP 

The development of DQOs for OU 3 investigations follows that process and is presented in Section 

5 of the OU 3 Work Plan 

Parameters that are used as indicators of data quality are precision accuracy representativeness, 

comparability and completeness (referred to as PARCC parameters) The definitions and methods 

of calculating these parameters are presented in Appendix A of the QAPjP The Objectives of the 

investigations proposed in the OU 3 Work Plan are summarized below and the Objectives for the 

PARCC parameters for OU-3 analytical data are also established 

t 
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3 2 1  V 

The Field Sampling Plan (FSP) of the OU-3 Work Plan (Secbon 6) s demgned to obtain data 

necessary to charactenre the physical features and ecological chamctmmcs of t b  sites that make 

up OU-3 charactenze the nature and extent of plutonium and ambtjctum at the IHSSs, assess the 
presence or absence of other potemal contamnants in soil, sedments and groundwater, and to 

collect data to support the Baseline Risk Assessment and Environmental Evaluation Table 5-1 of 

the OU-3 Work Plan establishes the types of data that are needed to meet those data uses 

summames the types of field and analybcal amvibes that will be implemented to obtain the data, 

and selects the anelybcal levels that are appropriate for the intendcrd use of the data 

The analyucal level that is selected detemnes the qualtty of data that wU be obtruned from 

sampling and analysts actlwties The €PA guidance document for developing DQOs for remediil 

response amvms has established Cmnaiytml levels I through V, Wrttr incfwsingly rigomus M/QC 

applicable at each successivdy higher l e d ,  which in turn produces data of a htgher known qurltty 

These analytical levels ore defined and ducussed in Appendix A of the MPjP All five analybcal 

levels are appropme for the OU-3 r e d d  invemgabons 

Analymal levels I and II are appllcabie to field screenurg and analysis where qualmtive and 

quantitative data are obtained at the trme of sampling from field measurements and sample analysts 

using portable analyacal instruments The data produced from these field instruments are generally 

more vanable than data obtained from labomtory analybcal methods Since the data from 

analytical levels I and II are generally more vanable, establishing PARCC parameter ObjectIVeS IS 

usually not applicable, however, obJecbves for accuracy of field analywal instruments have been 

established for OU-3 invesagations The objectives for PARCC parameters for OU-3 water and 

soilhediment data are &cussed in the followng secbons PARCC paramem Objectives haw not 

yet been established for ecological data 
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3 2 2 Precision and Accuracy 

The objectives of precision and accuracy are dependent on the analyte of interest the sample 

matrix the analytical method, and the quality control that are applicable to that method The 

groundwater surface water sediment and soil samples collected during OU-3 invesagaaons wdl 

be analyzed according to methods specified in the Rocky Flats General Radiochemistry and Routine 

Analytical Services Protocol (GRRASP) Parts A and B which includes EPA CLP protocols and 

standard EPA methods when CLP protocols are unavailable The analytes of interest for OU 3 

investigations are listed in Table 6-4 of the OU 3 Work Plan The Objectives of precision and 

accuracy for the analytes listed in the OU 3 Work Plan have been established in Appendix B of the 

QAPjP They are also presented in Appendix A of this QAA for convenience 

3 2 3 ComDleteness a 
The target objective for completeness for OU 3 analytical data is 90 percent 

3 2 4 ComDarabiiity 

Comparability is a qualitative parameter that is ensured by implementanon of the sampling and 

analysis plan following standardized field sampling procedures and analytical protocols and by 

reporting data in uniform units as specified in the procedures applicable to the OU 3 investigations 

3 2 5 Remesentativeness 

Representativeness is also a qualitative parameter that is ensured through the careful development 

and review of the sampling and analysis strategy outlined in the OU 3 Work Plan and procedures 

for sample collection and analysis and field data collection 
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3 2 6 PQPS for En wronmenta 1 Fvaluanon lnvesnpationg 

DQOs for the environmental evaluation (EE) investrgatmns descnbed in the FSP a d  the 

Environmental Evalumon Work Plan (Sectton 8) of the OU-3 Work Plan have not yet been 

determined The development of DQOs for EE tnvesbgation data wtll follow a review of emstlng 

informatton and complebon of nmal field surveys which wdl quel i ivdy characterize the 

ecosystems occupied by the OW3 1HSSs The mvmw of emsttng informatm m d  completion of 

inlbal field surveys wdl allow invesbgatofs to obtain information regarding the ptesenee of sm- 
specfie receptor speaes and potemal exposure pathways that am mcmsary to develop the DQOs 

The development of DQOs for tb EE win fallow the steps rctcommended by EPA in EPA/600/3- 

89/01 3 b l o a m m e n t  af -us Waste S i .  A 

Document 8nd EPAt540/G-90/008, Gui- for 
and 7 . .  

in -m 

3 3 Field Sampling Program and Samplmg Procedures 

The field investigauon program presented in the FSP (Section 6) of the OU-3 Work Plan indudes 

the followng fidd sampling amvittes 

0 soil profile and surface sod samplmg, 

0 sediment sample coHection from dttches a d  drainage channels upstream and 

downstream of reservoirs and from the reservotrs, 

0 surface water sampling from surface water drainages and reservoirs 

0 a lmrted groundwstar sampling program that includes conanued sampling of 14 

a m n g  buffer m e  wells, and dntlng, logging, instaliation, and sampling of new 

alluwum and bedrock monttonng wells, 

e discrete air sampling wrng HiVol samplers to collect gl~culates from exposed 

reservoir sedtments, 
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aquatic biota sampling that includes sampling penphyton benthic 

macroinvertebrates and fish and 

terrestrial biota sampling that includes collecting vegetation samples from grassland 

and wetland communities and small mammal sampling 

These field investigations including sampling locations numbers of samples to be collected and 

applicable sampling SOPs are discussed in the FSP The SOPs (also referred to as EMD OPS) that 

are applicable to the various aspects of the field investigation program are listed here in Table 1 

3 4 Analytical Procedures 

The analytical program for OU 3 activities is also discussed in Section 6 of the OU-3 Work Plan 

The analytical methods for groundwater surface water and soils/sediments for the analyres listed 

in Table 6 4 of the OU 3 Work Plan that shall be adhered to are those that are specified in Parts A 

and B of the GRRASP Those analytical methods are referenced in Section No 3 0 of the QAPjP 

The specific analytical method for each analyte is also referenced here in Appendix A 

The HiVol air filter samples will be brought into the laboratory dried and weighed The weight of 

the filters will then be compared to previously recorded tare weights of the filters to determine 

particulate loading The sample filters will then be split into two equal quantities with one half 

used for plutonium measurement and the other for americium measurement Alpha spectroscopy 

will be used to analyze the air filter samples for isotopic plutonium (238 239 and 240) isotopic 

americium (241) and uranium 233 and 234 

Biotic samples that are collected for potential contaminant analysis will be analyzed for plutonium, 

americium chromium beryllium lead cadmium, and nickel The methods of analysis for metals 

will include both the inductively coupled argon plasma emission spectroscopy and the graphite 

furnace atomic absorption spectroscopy methods The method of analysis for plutonium and 

americium has not yet been specified 

' 0  
86600364 004 
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a 

TABLE 2-1 (Continued) 
EMD Operating Procedures and Field Actlvltle!~ 

for Whlch They are Applicable 
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3 5 Equipment Decontamtnation 

Nondedicated sampling equipment shall be decontaminated between sampling locaaons in 

accordance wrth SOP 1 3, General Equipment DecontammaOon Other equipment (e 0 , heavy 

equipment) potentially contaminated dunng dnlling bonng, sample coUectron, etc shall also be 

decontaminated as specified in SOP 1 4, Heavy Equipment Decontaminaaon Decontaminatmn 

water wll be handled according to SOP 1 7 Handling o f  Decontamination Water and Wash Water 

3 6 Qusli Control Checks 

To assure the quality of the field sampling techniques, collectton and/or prepOratrOn of field qualtty 

control (QC) samples are incorporated into the sampltng scheme These QC samples are defined 

and the procedure for collection/preparation described m Sectlon No 3 0 of the OAPjP F d d  QC 

samples and collectton frequencies for the field investtgations are shown in Table 2 A spec& 

sampling schedule will be prepared by the sampling subcontmctor(s) for approval by ttre Laboratory 

Analysis Task Leaders (Figure 1 ) prior to sampling 

In addmon, a QC sample which will consist of an extra volume of a designated field sample (for 
soilbdiment and water samples), shall be collected at a 5 percent fteqwMcy for each specific 

sample m m x  These QC samples shall be collected and submrtted to the laboratory to allow for 

the analysts of laboratory-prepared QC samples to prowde the laboratory with a check on Its 

internal operatms The volume required for the QC sample shall be double that of a normal 

sample 

3 6 1  Qbiecbves for Field QC Sa mol= 

Equtpment nnsate blanks are considered acceptable (with no need for data qualtfication) If the 
concentration of analytes of interest is less than three ames the required detectmn lima for each 

analyte as specfied in Appendix A Field duplicate samples should agree within 30 percent relaove 

percent ddference for aqueous samples and 40 percent for homogenous, non-aqueous soil/ 

sediment samples 
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TABLE 2 

FIELD QC SAMPLE COLLECTION FREQUENCY 

(Example) 

Activitv 

Field Duplicates 

Field Blanks2 

Trip Blanks3 

Equipment Rinsate Blanks 

Drilling and Decontamination Fluids 

Freauency 

1 in 20’ 

1 sample per shipping container (or a 

minimum of 1 per 20 samples) 

1 in 20 

1 in 204 (or 1 per day of sampling, 

whichever IS more frequent) 

Sample source and analyze for all 

analytes of interest pnor to use 

Triplicate Samples (benthic samples) For each sampling site 

1 Or per sampling event whrchever is more frequent (A co located field duplicate will also be collected for each of 

the discrete aw sempling locaaons for each sampling event 1 

For groundwater samples to be anslyzed for inorganics 

For water samples to be analyzed for voleble organics only 

2 

3 

4 One equipment nnsete blank in twenty samples when now 

dedicated equipment is being used 

86600364 OOO 
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Trip blanks and field blanks (for organics and inorganics, respecuvely) indicate possible field 

contaminauon when analytes are detected above the minimum detecbon limm presented in 

Appendix A The Laboratory Analysis Task Leader (Figure 1) is responsible for venfying these 

cntena, for checkmg to see If they are met, and for qualifying data 

3 6 2  lat)oratorvQC 

Laboratory QC procedures are used to provide measures of tntemal consistency of analytical and 

storage procedures The laboratory contractor WJJI submrt m e n  SOPS to the Laboratory Analysis 

Task Leader for approval These internal laboratory SOPS shall address the msues specified in Pam 

A and B of the GRRASP and in Secuon No 3 0 of the QAPjP The labomtory QC procedures that 
are applicable to the analya'cal methods c~ted here in Appendix A shdl be consistent with or 

equivalent to EPA-CLP QC procedures Laboratory QC techniques for ensuring consistency and 

validlty of analyttcal results (including detecmg poteml laboratory contammaton of samples) 

include wing reagent blank field blanks internal standard reference motenals, laboratory 

replicates, and fieM duplicates The laboratory contractor wdl follow the standard evalumon 

guidelines and QC procedures, including frequency of OC checks, that are applicable to the 
particular type of analyttcal method being used as specified in the GRRASP and Sechon No 3 0 of 

the QAPjP All results will be forwarded to the Laboratory Analysis Task Leader and validation 

contractor (Figure 1 )  for review and venfkmon 

3 7 Data Reduction, Vdulatmn, and Reporting 

3 7  1 Ana lvtlcal Reoomna Tuma round Times 

Analytical repmng turnaround bmes are as spectfied in Table 3-1 of the QAPjP 

3 7 2  v- and V&&QQQ 

Validauon ammes constst of rewewrng and venfying field and laboraton/ data and evaluaung the 

venfied data for data quem (I e companson of reduced data to DQOs, where approprm) The 

field and laboratory data validanon amwnes and guidebnes are deocnbed and referenced in Secbon 
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No 3 0 of the QAPjP The process for validating the quality of the data is illustrated graphically in 

Figure 3 1 of the QAPjP and is also included as part of the sample collection chain of-custody 

and analysis process illustrated in Figure 8-1 of the QAPjP The criteria for detenIIining the validity 

of data are described in Section No 3 0 of the QAPjP 

3 7 3 Data Reduction 

All field data shall be recorded on field sampling data sheets and/or log books as specified in the 

appropriate field sampling SOP Field data shall be controlled according to SOP 1 2 Field 

Document Control The reduction of field and laboratory data is described in Section No 3 0 of the 

QAPjP All field and laboratory raw data sets shall be verified (as described above) and shall then 

be input into the EG&G RFEDS environmental database using a remote data entry module (see SOP 
1 14 Database Management) a 
3 7 4 Data ReDorting 

Depending on the data validation process data are flagged as either "valid "acceptable with 

qualifications a or "rejected " The results of the data validation shall be reported in EMD Data 

Assessment Summary reports The usability of data (the criteria of which is also described in 

Section No 3 0 of the CWPjP) shall be addressed by the RI Project Manager 

4 0 PROCUREMENT DOCUMENT CONTROL 

Contractors will perform the field investigations described in the OU 3 Work Plan The Contractors 

will be required to implement all requirements contained in the Work Plan the QAPjP this QAA 

and all applicable SOPS referenced in these documents Analytical services will also be contracted 

for analysis of field samples Appropriate requirements from the QAPjP this QAA and the 

GRRASP shall be passed on to any organizations performing these analyses Contractors may also 

be utilized to validate analytical data packages Applicable requirements from this QAA shall be 

transmitted to the validation Contractor le 
866D0364 004 
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The implemenbng Contractors will be required to provlde the matdab neeemwry for performing the 
work described in the OU-3 Work Plan 

Contractors are required to adhere to the requirements of thu QAA end QAqP and may be required 

to submrt their own QA Program, which meets the applicable requwements of the OAPjP and thu 

QAA 

5 0 l"JCTI0NS PROCEDURES Alyo DRAWINGS 

5 1  WorkPlanr 

The OU-3 Work Plan descnbes the RFI/RI Phase I investtgmns to be performed The plan wdl be 
reviewed and approved in accordance Hnth the requirements for lnst~ctiiont, procedums8 and 

drawngs outlined in the QAqP 

5 2 Procedures 

SOPS approved for us8 are Idemdied m Table 1 ,  which dso mdtcates their appltcabiky Any 

addrtional qualrty-affecttng procedures proposed for use but not identrfied hem will be developed 

and approved as required by the OAPjP mor to performing the affected activity 

A document change notlce (DCN) shall be prepared and rubmmed by the RI Pr- Manager for 
review and approval when I deviabon or change to an approved SOP IS mqulred to complete the 

intended field sampling (Note these DCNs wll replace the use of Standard Opemng Procedure 

Addenda [SOPAsl that are referenced in the current vermon of the QAPjP 1 The DCNs shall be 

Subject to the same review and approval including DOE, EPA, and CW, as the original SOP 

6 0 DOCUMENT CONTROL 

The following documents wll be conWdfed in accordance wtth Section No 6 0 of the QAplP 
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0 RFI/RI Work Plan for Operable Unit No 3 

0 RFP Site-Wide Quality Assurance Project Plan for CERCLA RVFS and RCRA R F K M S  

Quality Assurance Addendum to the Rocky Flats Site Wide QAplP for Operable Unlt 

No 3 

EMD Operating Procedures (I e SOPS) specified in Table 1 of this QAA and any 

additional procedures not yet identified that may be required to implement OU 3 

activities 

Activities (QAPjP) 

0 

0 

7 0 CONTROL OF PURCHASED ITEMS AND SERVICES 

Contractors that provide services to support activities described in th- OU-3 Work Plan will be 

selected and evaluated as outlined in Section No 7 0 of the QAPjP This includes preaward 

evaluation/audit of proposed Contractors as well as periodic audit of the acceptability of Contractor 

performance during the life of the contract Such audits shall be performed at least annually or 

once during the life of the project whichever is more frequent Also see Section No 18 0 of the 

QAPjP regarding quality verification activities 

8 0 IDENTIFICATION AND CONTROL OF ITEMS SAMPLES AND DATA 

8 1 Sample ContainerslPresenration 

Appropriate volumes, containers preservation requirements, and holding times for all ER Program 

soil and water matrix samples are presented in Tables 8 1 through 8 4  of the QAPjP Those 

requirements are applicable to OU-3 water and soil/sediment samples Requirements for 

environmental evaluation samples are included here in Table 3 Air sample filters will be placed in 

manila folders or envelopes for transporting from the field to the laboratory for drying and 

weighing 
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8 2 Sample tdentification 

Samples shall be labeled and identified in accordance wrth Secbon No 8 0 of the QAPJP and the 
sampknu SOPS hsted rn Table 1 Samples WIII have unique idenbficatron that traces the sample to 

the source(s1 and indrcates the mdia type (e g , GW for groundwater 8amples1, the sequential 

number for the sample, the sampling contractors alpha dentlficsbm, and the date 

also Include the method of sampling and the condmons prevaikng at the tHne of sampling 

Labels wtll 

8 3  Chah-of-Custody 

Sample chain-of-custody wll be maintained through the appllcMion of SOP 1 13, Containenzing, 

Preserving, Handling, and Shipping of Soil and Water !hmpIes, and as ilumated in Figure 8-1 of 

the QAPJP for all environmemal samples collected during field invosbgatmns 

8 4  ContrdofFkldData 

All field descnpaons, msurements, and obsenrauons shall be recorded m appropriate Data 
Collectton Forms as required by the appropriate samplag SOP F d  data shall be controlled in 
accordance with SOP 1 2, Field Document Control 

9 0 CONTROL OF PROCESSES 

The overall process of collecbng samples, performmg analysis, and inputtrng the data into a 

database is considered a process that requires control The process is controlled through a senes 

of written procedures that govern and document the work activtties The process IS illustrated 
diagrammmcally in Sectton No 8 0 of the QARP 
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10 0 INSPECTION 

Procured materials and construction activities (e g groundwater monitonng well installation) shall 

be inspected (as applicable) in accordance with the requirements specified in Section No 10 0 of 

the QAPjP and any installation specifications included in the OU-3 Work Plan and field sampling 

SOPS 

1 1  0 TEST CONTROL 

The test control requirements addressed in Section No 1 1  0 of the QAPjP are not applicable to the 

proposed OU 3 investigation activities 

12 0 CONTROL OF MEASURING AND TEST EQUIPMENT (M&TE) 

12 1 Field Equipment 

Specific conductivity temperature and pH of groundwater samples shall be measured in the field 

Field measurements will be taken and the instruments calibrated as specified in SOP 2 5 (see Table 

1) Measurements shall be made using the following equipment (or EG&G-approved alternates) 

Specific Conductivity HACH Conductivity Meter 

pH HACH pH Meter (this meter will also be used for temperature measurements) 

Temperature HACH pH Meter 

Each piece of field equipment shall have a file that contains 

' 0  

Operating instructions 

Routine preventative maintenance procedures including a list of critical spare parts to be 

provided or available in the field 

86800384 OM 

I 



e ENVJRONMENTAL RESTORATION Manual 2 1 100-PM-OU03.1 
Quality Assurance Addendum to the Rocky Flats Plant 
Quality Assurance prolect Plan mm 

Doc. No 

Effecbve Date 

QAA3 1 ,  Rev 0, D d A  
24 of 30 

Calibration methods, frequency, and deSCnpbOn of the carfbrauon solmons, and 

Standardnabon procedures (tracwbilny to nabonally recognized standards) 

The above informawn shall, M general, conform to the manufacturer's recommended operattng 

instntctlons or shall explaln the d e m  from said instrums 

122 LabomtoryEquipmar~t 

Laboratory analyses wll be performed by contracted laboratones The equipment used to analyze 

environmental samples shall be calibrated maintained, and cmtroUed In accordance with the 

requirements contained in the specific analytml methods used and ttw i t rumem msnufactumr's 

instrumons Labomtones are required to submit calibtatton pmcdures to EG&G for  reww and 

approval lnmal and continuing calibration data for analytml equmnt used wl  be included in the 
data packages submitted to EG&G by the laboratones 

13 0 HANDLING, STORAGE, AND SHIPPING 

Samples shall be packaged transported, and stored in accordance with SOP 1 13, Contamennng, 

Preserving Handlmg, and Shipping of Soil and Water Samples Mammum sample holding times 

sample presewauve, sample volumes, and sample containers are spsctfied in Tables 8-1 through 8- 
4 of the aApiP 

EG&G wdl develop and implement an EM Department admintstrtive procadure for receiving 

handling, and stonng construmon materiais (e g , well casing) to ensure only oppropnate, acceWed 

materials are used and are handled and stored to prevent contamination or damage prm to 

usehnstallmon 

14 0 STATUS OF INSPECTION TEST AND OPERATIONS 

The requirements for the denufkation of inspeenon test, and operamno status of mms, products, 

systems or equipment shall be implemented as specdied in Secaon No 14 0 of the OAPJP A log 

specifying the status of all boreholes and groundwater monnonng wells shall be maintained by the 
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Field Activities Task Leader which will include well/borehole identification number ground 

elevation casing depth of hole depth to alluvial static water level (as applicable) depth to top and 

bottom of screen (as applicable), diameter of hole diameter of casing, and tophottom of casing 

The status of monitoring/test equipment will be maintained in a log directly traceable to the 

particular piece of equipment and status indicator tags shall be attached to equipment where such 

a tag will not interfere with equipment operation 

15 0 CONTROL OF NONCONFORMANCES 

The requirements for the idennfication control evaluation and disposition of nonconforming items 

samples and data will be implemented as specified in Section No 15 0 of the QAPjP 

Nonconformances identified by the implementing contractor(s) shall be submitted to the EMD QA 

Program Manager (QAPM) for processing as outlined in the QAPjP 

16 0 CORRECTIVE ACTION 

The requirements for the identification documentation and verification of corrective actions for 

conditions adverse to quality will be implemented as outlined in Section No 16 0 of the QAPjP 

Conditions adverse to quality identified by the implementing Contractor shall be documented and 

submitted to the EM0 QAPM for processing as outlined in the QAPJP 

17 0 QUALITY ASSURANCE RECORDS 

All field records including field data records scientific notebooks drilling logs etc are considered 

QA records and shall be controlled in accordance with the SOP 1 2, Field Document Control QA 

records to be generated during OU-3 Work Plan activities include but are not limited to 

Field Logs (e g sample collection notebooksAogs for water sediment, and air) 

Calibration Records 

Sample Collection and Chain-of Custody Records 

Drilling Logs 

86600364 004 
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Work Plan/Field Samplmg Plan 

aAPJP/QAA 
Audit/Suwmllance/lnspecbon Reports 

Nonconformance Repom 

Correct~ve Amon Documentabon 

Data Valldatron Results 

Laboratory Analyucal Data Packages 

Ptocuntmem/Contracting Docurnemon 

Training/Quaification Recorda 

lnspecuon Records 

All QA records generated dunng the planning, implememon, and closure of the acbwt~es for OU- 

3 will be submmed to the EMD Custodian for processing according to the EM Depattmwnt QA 

records system described in Secnon No 17 0 of the WPjP 

18 0 QUALITY VERIFICATION 

The requirements for the verification of quality shall be implemented as specdied in Secuon No 

18 0 of the QAPJP EG&G will conduct audm of the laboratory contractw as specified in Parts A 
and B of the GRRASP The EMD QAPM shall develop a survallance schedule with the surveillance 

intervals based on the importance and complextty of each samplinghnalybcal actnmy Intervals 

wll also be based on the schedule contained in Secbon 9 0 of the OU-3 Work Plan 

Spec& tasks that wll be monltored by the surveillance program are as follows (the followng are 

presented as examples) 

Bonngs and well installattons (apprommately 10 percent of the holes) 

Field Sampling (approximately 5 percent of each type of sample collected) 

Records Management (a surve~llance wll be conducted once at the m M o n  of OU-3 

amvmes, and monthly thetreafter) 

Data Verificanon, validation, and repomng 
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Audits of Contractors providing field investigation construction, and analytical support services 

shall be performed at least annually or once during the life of the project whichever is more 

frequent 

A Readiness Review shall be conducted by the EMD QAPM prior to the implementation of OU-3 

field investigation activities The readiness review will determine rf all amvity prerequisites have 

been met that are required to begin work The applicable requirements of the QAPjP and this QAA 

will be addressed 

19 0 SOFTWARE CONTROL 

The requirements for software development and control shall be implemented as specified in 

Section No 19 0 of the QAPjP Computer software utilized by Contractors will be furnished by 

EG&G Only database and spreadsheet software will be used for the OU-3 Work Plan activities 

The procedure applicable to the use of the database that stores environmental data in the field is 

SOP 1 14 Field Data Management 

86800364 00* 
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APPENDIX A 

(Note The followng table ai pmsunted 

as an example Each Appendix A wll be madified 

as necessary for each work plan 1 
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11 0 STANDARD OPERATING PROCEDURES AND PROCEDURE CHANGE NOTICES 

The following RFP programwde standard operating procedures (SOPs) will be utilized where 

appropnate dunng the specrlic field investigations for OU 3 A complete 1st of the SOPs to be used 
follows 

FIELD OPERATIONS 

SOP Number 

1 I-Windblown Contaminant Dispersion Control 

1 2-Field Document Control 

1 3-General Equipment Decontamination 

1 &Heavy Equipment Decontamination 

1 5-Handling of Purge and Development Water 

1 6-Handling of Personal Protective Equipment 

1 7-Handling of Decontamination Water and Wash Water 

1 &Handling of Dnlling Fluids and Cuttings 

1 *Handling of Residual Samples 

1 10-Receiving Labeling and Handling of Waste Containers 

1 1 l-Field Communications 

1 12-Decontamination Facility Operations 

1 13-Contatnerizing Preserving Handling and Shipping of Soil and Water Samples 

1 14-Field Data Management 

1 15-Use of Photoionrting and Flame Ionizing Detectors 
1 16Ffeld Radrological Measurements 

DENFLATS1 61029 51 OU 3 RnaV12-06-91 



GROUNDWATER 

SOP Number 

GEOTECHNICAL 

3 l4oggmng Alluvial and Bedrock Material 

3 2-0nlimg and Samphng Using Hdlawstem Aqw Techniques 

3 eRatary Drilling and Rod< Coring 
3 Hlugging and Abandonment at Borehdeg 

5-w Bedrock from Alluvium with Grouted surface casing 

36-Monltoring wen and piesometer Instalrn 

3 8 s u r f a c e s o i l ~  

31o-soreholeclearing 

3 Il-Plugging and Abandonment d Wells 

SURFACE WATER 

SOP Number 

0 4 1-Surface Water Data collectm Activitms 
4 2-Field Mawmmnb d Surface Water F i d  Pamwters 0 

0 434wfacewaeJrsamphng 

DElVFlAlSlB/a28 51 OU 3 FirurV120691 
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0 4 Mediment Sampling 

0 4 &Pond Sampling 

ECOLOGY 

SOP Number 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 l-Sampling of Penphyton 

5 2-Sampling of Benthic Macroinvertebrates 

5 Mampling of Fishes 

5 +Sampling of Large Mammals 

5 M a m p h g  of Small Mammals 

5 7-Samplng of Birds 

5 8Sampling of Reptiles and Amphibians 

5 Mampling of Terrestnal Arthropods 

5 1 O-Sampling of Terrestnal Vegetation 

5 1 1-ldentrfication of Habltat Types 

5 12-Sampling of Soil for Soil Descnption 

5 13-Development of Field Sampling Plans 

AIR 

SOP Number 

0 6 l-Effluent Tntium Sample Collection 

6 3-Effluent k r  Radioparticulate Sample Collection 

6 !A3esponse to Effluent SAAM ALAR 

6 Hff luent k r  Pltot Tube Inspection and Replacement 

0 6 2-Tntum Sampler Calibration 

0 6 &Effluent Air Radioparticulate 

0 

0 

0 

DENFLATS1 61029 51 OU 3 FinaV12-06-91 



0 6 7+muent Air -pie ~educmn 

0 6 12-Pteventive Maintenance Procedure for RFP TSP Hivol Sampler 

specific i-, dudlng appropriade SOP references concerning sampllng actnritles is 

provlded In Secbon 6 0 for most dthe samphng miviues  specific details for thrs work plan 

not a d d m  by the SOPS are HIckrded in the followKlg procedwe change not~ces 
procedure change nabces will be atmched tothe SOP for use duringfield activjbes. 

These 

11 1 PROCEDURE CHANQE NOTICE TO SOP NO oT7 

LOGGING AND SAMPLING OF TEST PlTs 

The fdmng procedures are taken from well-estabbshed sou sa6nce and sol1 chemistry 

methoddogles. For more lnfmmsaion regarding the speafic analyses, the w)81 IS &wed to the 

approPnaae chapters in Methods d Soil Anaiy sls (1982)Pageet. al (ed) Part2Second Edition 

Agrom#ny 9, Soil Sclence Society d America, Madison, W- 

11 1 1 Sampling Equipment and Procedures 

Thefollawlng IS a Us? d materials and equlpmem required forthis procedwe 

DENIFLATsl~ 51 OU 3 FmaV12dB91 
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0 Stanless steel lab spoon 

Sample labels 

rn Sample contamers 

Washhnse tubs 

0 Nonphosphate detergent 

0 Distilled water 

Plastic sheeting 

Color book 

0 Measuring tape (metnc) 

Wide-base flag 

Cutting knlfe 

Long nals (15 cm) 

0 Logbook 

0 Stamless steel template (3 cm x 20 cm) 

0 Appropriate heatth and safety equipment 

11 1 1 2 Soil Excavation Procedures 

In addrtion to the procedures described in SOP GT 7 the following procedures wlll be conducted for 

excavating soil prts 

0 The soil prts will be dug in 'undisturbed or at the leastdisturbed srtes that are 

charactemed by the natural short grass parte, pasture, and valley side vegetation 

0 All soil prts WIN be excavated wrth a backhoe The dimensions of all prts will be 

approxlmately 7 feet long 5 feet wide and 4 feet deep 

0 The vegetation at the surface of the selected wall wlll be cropped closely to the 

surface and discarded 

DENIFLATSlGD29 51 OU 3 FinaVl2-06-91 



In addition to the sampling procedures described in SOP GT7, the folfomng procedures will be 

conducted for sampling soil pits 

e Awide-base flag will be placed on the ground surfacedagiven plt and the depth 

below surface for each sample will be megswed from the base ofthe flag 

0 Thesoilsampltngforassesslng * plutonkuncontentwithdephconsistsof 

10samplestakenacwdngtothetollawingscheme foursamplesfnrmtheupper 

12 cm at 3 cm tntmmls, two samples from the neDct 12cm at 6 cm intmals, two 
samplegftwl the next24 all at 12 cm irdenrals, andthe final two samples from the 

next 48 cm at 24 cm irrtenrals (the upper96 cm dnle pit will be Sampkd) 

1112 LoggingdTe8tPlta 

SOP GT7 requres geologic logging attest p& in aamdmce with SOP GT 1, Logging Alluvial and 

Bedrock Mated Hawever, the OU 3 test pit prognrm requiresthatthe soil prdiks in the test pits 

bedesmbedand by acertifiedsollsuemst (orequnr9lent) usingsoil Conservabon SeMce 

(SCS) prutocols (Flgwell-1) These pmocols will be implemented by a qualified professional 0 



U S DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

SOIL PROFILE DESCRIPTION FORM 

FORM GT7D 
(Addendum) 

Date Stop No 

Survey Crew Members 

Sod Type 
Classlfica tion 

Location EIev 
Aspect Slope (%) Slope Position 
Parent Material 
Dramage Veg Community 
Veg Species and % Comp 

Notes 



using sol1 Survey Manual, (43&V-55M), Soil Survey Staff, USDA, working draft, US OOvernment 
Pnnt~ng Office, Washington, D C ,1981, for guidance 

1113 Decont.mlnrtion 

specsfic decontamination procedweg are degMbed in SOP FO3-GmmI Equ$ment 
V and SOP FO 4-H- Equipment 

11 2 PROCEDURE CHANGE NOTICE TO SOP NO 4 6, SEDIMfW SAMPUNO 

Agravlty corer is a metal tube wlth a replaceable tapered nosepiece on the battom and a ball or 

other type of check valve on the top The check valve aWws water to pass through the corer on 
descent but prevents washout dunng recovery The tapered nosepk8 fadtates cutt~ng and 

reduces core disturbance during penertraslon Most oorers am umstmcted of brass or steel and 
many can acc8pt plastic lmrs and additional weights 
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Corers are capable of collecting samples of most sludges and sediments The corers collect 

essentially undsturbed samples that represent the profile of strata which may develop in sediments 

and sludges dunng variations in the deposrtion process Depending on the density of the substrate 

and the weight of the cores, penetration to depths of 75 cm (30 in) can be attaned Care should be 

exercised when using gravrty corers in vessels or lagoons that have liners, since penetration depths 

could exceed that of substrate and result in damage to the liner matenal 

The following describes the procedures for using a gravity corer 

0 Attach a precleaned corer to the required length of sample line Solid braded 

5 mm (3/16 in) nylon line is sufficient, 20 mm (3/4 in) nylon however, is easier to 

grasp dunng hand hoisting 

0 Secure the free end of the line to a fpced support to prevent accidental loss of the 

corer 

0 Measure and mark distance to top of sludge on sampler line to determine depth of 

sludge or sediment conng 

0 Allow corer to free fall through liquid to bottom 

0 Determine depth of sludge penetration 

0 Retneve corer wnh a smooth continuous lfiing motion Do not bump corer 

because thls may result in some sample loss 

0 Remove nosepiece from corer and slide sample out of corer into a stainless steel or 

Teflon pan 
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0 selea sample irrtenral as described m the field sampliq plan (secbon 60) 

11 3 PROCEDURE CHANaE NOTICE TO SOP No 4 8, PONO SAMPLING 

The pond ssmpling SOP rsamended to address 8tratified resenrolrsampling Pnor to sampling at 

each samplrng pdq  profibs of water temperaturn and m e d  oxygen in the water column will be 

collected atthesampkng kcation The Hydrolab Mufti-Parameter Measunng Imtrumentwill be used 
tocouedtheproMesacrosstheentirewatercolumn Thesamplingwlll be performedfrom a boat 

Temperaatre and dlssdved oxygen at the sampkng pomt m the deepes? part dthe reservolrwill be 

measured to determine the locaaion of s$atified layersat this pcnnt. The grabsamplesurrll then be 
collected uwng a Kemmerer sampler in each strdfkd zone for all samples The uppermost 

stratffied zone wili be sampled first# follawed by the next lawerzone, and 80 on The zone at the 

ba#omdthepondwinbesampledtsst 

11 4 PROCEDURE CHANGE NOTtCE TO SOP 5 4, SAMPUN@ OF FISH 

Fsh samples from the OU 3 ~ e s ~ ~ o l r s  will be cdlected uslng a boat-mounted boom electroshocker 

and gill nets. These fishing methods am disarssed in det8ii by V i  (1967) and Nielsen and 

Johnson (1983) 

The boat-mounted electroshocket 1s powered by a gasokne generator and the current IS controlled 

by acommerclal pawerunitto provide pulsed DC currmt. The pulse frequency and amperage can 
be COntroHed at the power urdt, and an automattctrspswltch lnterruptsthe pawer supply unlessthe 

person netting thefish at the baw keeps pressureon the switch Twoanodes are suspendedfrom 

thebowOnbooms4t06ftttlfrontdtheboat TheboateaSthecaEhode COnSUkthe 
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manufacturers manual for specrfic operating instructions The three-person crew (two netters and 

the pilot/operator) must wear rubber boots and elbow length gloves and lrfe preservers 

The boat mounted electroshocker is run parallel to shore in 1 to 6 ft of water at a slow trolling 

speed Fish that are shocked will surface near the anodes and are netted and placed in a Ilve tank 

in the boat Each station will be shocked for 15 to 30 minutes depending upon catch success, and 

the actual shocking time will be recorded Fish will be processed at the end of the shocking period 

according to SOP No 5 4  Subsection 6 2 5  Water quality parameters will be taken as per 

Subsection 6 2 6 and data will be collected using the data forms in SOP No 5 4 

Experimental gill nets 200 to 300 ft long wnh four to SIX panels of varying mesh sue wlll be used to 

sample the deeper portions of reservoirs Mesh sEes will range from 3/4 in to 2-1/2 in The gill net 

will be set on the lake bottom anchored at each end and marked wnh buoys Each net will be 

fished from 4 to 12 hours depending upon catch success and water temperature The nets will be 

fished at those time intervals to minimize mortalrty Fish will be removed from the net as they are 

retfleved and placed in a llve box Fishing duration water depth and appropriate water qualrty 

parameters will be measured and recorded (SOP No 5 4) Sample processing and documentation 

will be completed according to SOP No 5 4 
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Approved By 
TITLE Conceptual Model Pathways 

APPENDIX A CONCEPTUAL MODEL PATHWAYS 

Figures A 1 through A 14 summame pathways for IHSS 199 through 202, based on the conceptual 

models for OU 3 The pathways have been numbered to present how each pathway is addressed 

in the field sampling plan as presented in Tables 5 1 and 6 1 of the work plan The pathway 

numbering scheme corresponds to the human health pnonty pathways presented in Figures 2 14 

and 2-1 6 The pathways summarize the contaminant source release mechanism, transport medium, 

secondary release mechanism exposure route and receptor 
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APPENDIX B SUMMARY OF RESULTS FROM SAMPLING STATIONS ALONG INDIANA STREET 

Tables B 1 through B 7 summarize the analytical results for the sampling locations along Indiana 

Street Summanes are provlded for groundwater, surface water and sediments and are discussed 
in Subsection 6 2 
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TABLE B-1 

SUMMARY OF COMPOUNDS DETECTED IN ALLUVIAL GROUNDWATER WELLS ALONG INDIANA STREET 
(-ucka) 

unb 
Numberof Numbrot Modmum 

P- AMlyse8 Daeclhm Vdua 

VOA4ASE 2 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Strontwm 
Tin 
Vanadium 
Zinc 

27 
28 
28 
27 
26 
28 
12 
28 
28 

1 
1 
9 
8 
8 

25 
1 
2 

10 

oo(M 
01 4 
25 

039 

164 
031 
138 

5 1  

4 74 

om2 
014 
101 

2925 
(Mo 

1287 
164 
030 
046 

'Average value of detecbons (nondetects not included in average) 
2Lowe& ARAR idenMied 
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10 
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OOOOI 
0.014 
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man 
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man 
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TABLE E 2  

SUMMARY OF COMPOUNDS DETECTED IN BEDROCK GROUNDWATER WELLS ALONG INDIANA STREET 
(-- 

Mercury 
Nickel 

17 3 

18 16 
Potassium 17 10 
Selenium 17 16 
Silver 18 3 
Strontium 18 18 
Vanadium 18 1 
Zinc 18 7 

M.ximum 
VdW 

0 160 
Oooo2 
062 
295 
0048 
0026 
1640 
0 024 
O W  

Potentm 

0 051 005 
0 -  0002 
0 157 02  
237 
0020 01 
0020 0 01 
1463 
0 024 
0036 2 

;Er ARAR2 Units 

'Average value of detecbons (nondetects not included in average) 
2Lowest AR4R identrfied 
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TABLE B-3 

SUMMARY OF COMPOUNDS DETECTED IN SURFACE WATER ALONG INDIANA STREET 
(-dMw 

Plutonium238 
Plutonium239 
Plutonium23W40 
Radium226 
Stronttumss 90 
strontlum-9o 
Tnbum 
Uranium Total 
Uranium233 234 
Uranium234 
Uranium235 
uranium235m6 
uraniumM8 

INORGANICSCASE 2 
Aluminum 
Arsenic 
h u m  
Beryllium 

Cyanide 
Iron 
Lead 
Lithium 
Manganeee 
Mercury 
Molybdenum 
Selenium 
Silver 
Stronttum 
Tin 
Vanadium 
Zinc 

Copper 

1 
12 
10 
4 
1 
19 
12 
8 

20 
2 
13 
8 
22 

83 
83 
84 
85 
83 
4 
84 
82 
a2 
84 
80 
80 
81 
82 
83 
80 
81 
83 

1 
10 
10 
3 
1 

17 
10 
8 

20 
2 

11 
8 

22 

20 
1 

10 
1 
7 
1 

36 
12 
23 
28 
5 
1 
3 
1 

43 
4 
1 

52 

'Average value of W o n  s (nondetects not included in average) 
2Lowest ARAR identmed 

Oooo8 
006 
00112 
03 
07982 
07687 
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6 
393 
1 4  
033 
02S33 
3269 

2 14 
0 0021 
0 0991 
009 
00363 
0006 
1 41 
0014 
0033 
0 279 
OOOO3 
030 
0 012 
002 
052 
O W 5  
0 313 
030 

OoooS 
0006 
0005 
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0798 
0204 

38 221 
1816 
1307 
1 2  
0050 
0099 
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394 
0002 
0086 
009 
0025 
0006 
0311 
0005 
0 016 
0057 
OOOO3 
030 
0007 
002 
0344 
0035 
0 313 
0054 
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TABLE 64 

SUMMARY OF COMPOUNDS DETECTED IN SEDIMENTS ALONG INDIANA STREET 
(Concluded) 

Number of Number of Madmum Awnge Potential 
Parameter Anam- Ikteclionc ValW Valwl AM Unitr 

INORGANICSCASE 2 
Aluminum 11 11 
Arsenic 11 10 
Banum 11 10 
Beryllium 11 2 
Cadmium 11 1 
Chromium 11 11 
coban 11 4 
copper 11 11 
iron 11 11 
Lead 11 11 
Wlium 5 1 
Manganese 11 11 
Mercury 9 5 
Motybdenum 11 2 
Nickel 11 8 
Selenium 11 5 
Sitver 11 3 
Strontium 11 8 
Thallium 5 4 
Vanadium 11 11 
Zinc 10 10 

‘Average value of detedona (nondeteets not included in average) 
%owest ARAR identified (proposed RCRA correctwe action) 

17 600 

157 
46  

2 3  
1 8  

17 
8 

34 
20 loo 

276 
8 4  

039 
675 

11 
177 
1 3  

21 2 
67 
17 
40 

391 

7 776 
192 

104 7 
23 
1 8  

11 082 
655 

16 n 

16 86 
8 4  

28427 
0252 

11 0 
13 95 
0462 
853 

3968 
11 1 
327 
9523 

15 818 
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TABLE B-5 

SUMMARY OF NONDETECTED PARAMETERS IN 
AUUVlAL AND BEDROCK OROUNDWATER WEUS Aco#o "A STREET 

VOA ulcl- 

54 
63 
54 
63 
2 
2 

63 
61 
54 
2 
2 
2 
2 
2 
2 
2 
2 
2 

54 
17 
2 
2 

54 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

. .- .  

54 
2 
2 
2 
2 
2 
2 

54 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

54 
54 
54 
2 

63 
54 
54 
63 
54 
2 
2 
2 
2 
2 

54 
2 
2 

NumkrofAndyeee Number d Anrlyrsr 
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TABLE B-5 

SUMMARY OF NONDETECTED PARAMETERS IN 
ALLUVIAL AND BEDROCK GROUNDWATER WELLS ALONG INDIANA STREET 

(Continued) 

Number of Analyses Number of Analyses 

Ethylbenzene 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadrene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(1 2,3aI)Pyrene 
lsophorone 
N-Ntroso-Di n Propylamine 
N-Ntrosodiphenylamine 
Naphthalene 
Ntrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
IJyrene 
Styrene 
Tetrachloroethene 
Toluene 
Total Xylenes 
Tnchloroethene 
Vinyl Acetate 
vinyl Chlonde 
cs-1 SDichloropropene 
trans 1 2-Dichloroethene 
trans-1 SDichloropropene 

PesticIdedPCBs 

4 4  DDD 
4 4  -DDE 
4 4  -DDT 
Aldnn 

54 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

54 
63 
54 
53 
63 
54 
54 
54 
9 

54 

2 
2 
2 
2 

Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Chlordane 
Dieldnn 
Endosukn I 
Endosulfan II 
Endosulfan Sulfate 
Endnn 
Endrin Ketone 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Parathion Ethyl 
Toxaphene 
alpha-BHC 
beta-BHC 
detta-BHC 
gamma-BHC (Lindane) 

Radionuclides 

Strotium-89 

Inorganics 

Arsenic 
Beryllium 
Cesium 
Chromium 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

43 
46 
43 
46 
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TABLE Bb 

SUMMARY OF NONDETECTED PAMWTERS IN 
ALulvlAL AND BEDROCK -NOWATER WULS ALONG INDIANA STREET 

(concluaa) 

cobalt 

Thallium 
cyardde 

46 
7 

43 

ou 3 Finav12-0681 



EG&G ROCKY FIATS PIANT 
RFVFl Work Pian for OU3 

Category Final 

Manual 

Secbon 
Revision 
Page 
Effectwe Date 
Oraanmon 

Appendoc B 
1 

13 o f  17 

RPD 

TABLE B-6 

SUMMARY OF NONDETECTED PARAMETERS IN 
SURFACE WATER SAMPLES ALONG INDIANA STREET 

Number of Analyses Number of Analyses 

VOA and Semivolatile8 

1 1 1 2Tetrachloroethane 
1 , 1,2,2 Tetrachloroethane 
lIl,2-Tnchioroethane 
1,l -Dichloroethane 
1 ,I -Dichloroethene 
1,l Dichloropropene 
1,2,3-Tnchlorobenzene 
I 2 3-Tnchloropropane 
1,2 4-Tnchlorobenzene 
1 2-Dibromoethane 
1,2 Dichlorobenzene 
1 2 Dichloroethylene 
1 2-Dichloropropane 
1,2 Dimethylbenzene 
1 3Dichlorobenzene 
1 SDichloropropane 
1 3-Dimethylbenzene 
lI4-Dichlorobenzene 
2 4 5-Tnchlorophenol 
2 4 6-Tnchlorophenol 
2 4-Dichlorophenol 
2 4Dimethylphenol 
2 4 DinRrophenol 
2 4-DinRrotoluene 
2 6-DinRrotoluene 
2 Chlororethyl Vinyl Ether 
2-Chloronaphthalene 
2-C hlorophenol 
2 Methylnaphthalene 
2-Methylphenol 
2 Nrtroaniline 
2 Nnrophenol 
2 Propenenante 
3 3 Dichlorobenzidine 

11 
108 
1 07 
1 07 
105 
12 
12 
12 
41 
12 
41 
94 

107 
45 
41 
12 
12 
41 
29 
29 
29 
29 
29 
29 
29 
46 
29 
29 
29 
29 
29 
29 
12 
29 

3-NRroaniline 
4 6-DnRro-2 Methylphenol 
4-Bromophenyl Phenyl Ether 
4 4  hloro-3-methyl phenol 
44hloraniline 
44hlorophenyl Phenyl Ether 
4-Methyl-2 Pentanone 
4-Methylphenol 
4-Nrtroaniline 
4-Nltrophenol 
Acenaphthene 
Anthracene 
Benzenamine 
Benzene, lI2,4-Trrmethyl 
Benzene, 1 ,3,5-Tnmethyl 
Benzidine 
Benzo(a)Anthracene 
Benzo(a) brene 
Benzo@) Fluoranthene 
Benzo(ghi) Pery lene 
Benzo(k) Fluoranthene 
Benzoic Acid 
Benzyl Alcohol 
Bis(2-Chloroethoxy)methane 
Bis(2-Chloroethyl)ether 
B1s(2-Chloroisopropyl)ether 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromomethane 
Butyl Benzyl Phthalate 
Carbon Tetrachlonde 
C hloroet hane 
Chloroform 
Chloromethane 
Chrysene 

29 
29 
29 
29 
29 
29 
95 
29 
29 
29 
37 
37 
4 

12 
12 
14 
37 
37 
37 
37 
37 
29 
29 
29 
29 
29 
12 
11 

107 
1 07 
29 

1 07 
107 
1 07 
1 07 
37 
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TABLE 8-6 

SUMMARY OF NONDElEClED PARAMETERS IN 
SURFACE WATER SAMPLES ALONQ t N D W  STREET 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

12 
37 
29 

I04 
12 
12 
29 
29 
37 
37 
29 
41 
29 
20 
37 
29 
29 
10 
10 
14 
10 
49 
29 
29 
37 
29 
12 
37 

12 
12 
12 
11 
12 
12 
12 
13 

107 

11 
11 
11 
11 
28 
28 
20 
28 
17 
28 
28 
20 
28 
28 
28 
28 
4 

18 
12 
13 
11 
11 
28 
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TABLE B-6 

SUMMARY OF NONDETECTED PARAMETERS IN 
SURFACE WATER SAMPLES ALONG INDIANA STREET 

(Concluded) 

Number of Analyses Number of Analyses 

Endosutfan I 
Endosutfan I1 
Endosulfan Sulfate 
Endnn 
Endnn Aldehyde 
Endnn Ketone 
Heptachlor 
Heptachlor Epoxide 
MCPA 
MCPP 
Methoxychlor 
Parathion Ethyl 
Phenol 2-(1 -MethylpropyI)4 
Prometon 
Prometryn 
Propanoic Acid 2-(2 4 3  Tn 
Propazine 
Simazine 
Simetryn 
Terbuthy lazine 
Terbutryn 
Toxaphene 
alpha-BHC 
alpha42 hlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lmdane) 
gamma-Chlordane 

Radionuclides 

Strontium89 

28 
28 
28 
28 
6 

17 
28 
28 
11 
11 
17 
1 

11 
17 
17 
11 
17 
17 
17 
17 
4 

28 
28 
16 
28 
28 
28 
16 

2 

Inorganics 

Antimony 
Cadmium 
Cesium 
Chromium 
cobatt 
Cyanides (soluble salts) 
Hexavalent Chromium 
Nickel 
Thallium 

81 
77 
93 
81 
81 
2 
7 

81 
81 
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TABLE E 7  

SUMUARY OF NONDE'ECTED PAMMEERS IN 
SEDIMENTS ALONG l " A  ST" 

Appondii B 
1 

16 d 17 

RRI 

11 
11 
11 
11 
11 
11 
11 
2 
5 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
4 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
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TABLE B-7 

SUMMARY OF NONDETECTED PARAMETERS IN 
SEDIMENTS ALONG INDIANA STREET 

(Concluded) 

Number of Analyses Number of Analyses 

Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l2 3-cd)pyrene 
lsophorone 
N-Nitroso-Di-n-Propylamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Styrene 
Tetrachloroethene 
Total Xylenes 
Tnchloroethene 
Vinyl Acetate 
Vinyl Chloride 
CIS 1 2 Dichloropropene 
trans 1 2-Dchloroethene 
trans-1 ,&Dchloropropene 

Pestlcide/PCBs 

4,4 -DDD 
4 4  -DDE 
4 4  -DDT 
Aldnn 
AlkaltnRy as CaCO, 
Aroclor-1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
4 

11 

7 
7 
7 
7 
2 
7 
7 
7 
7 

Aroclor-1248 
Aroclor-1254 
Aroclor 1260 
Chlordane 
Chlonde 
Cyanide 
DieMnn 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endnn 
Endnn Ketone 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
alpha BHC 
alpha-chlordane 
delta BHC 
gamma-BHC (Ltndane) 
gamma4 hlordane 

Radionuclides 

None 

Inorganics 

Antimony 
Cestum 
Tin 

7 
7 
7 
3 
3 
4 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
4 
7 
7 
4 

11 
9 
5 
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TlTLE Power Curves Based on Histoncal Data 

I I 
kame (Dete) 

APPENDIX C POWER CURVES BASED ON HISTORICAL DATA 

Power curves have been generated for sediments in Woman Creek, Mower Dltch Walnut Creek 

Great Western Reservoir, and Standley Lake A power curve was also developed for surfacial soils 

in OU 3 The power curves generated are based on an 80 percent confidence and minimum 

detectable dfference of 2Opercent The power curves were used to develop the statstid 

approach to the OU 3 FSP (Subsection 6 3 1) 

DENIFLATS14/043 51 OU 3 FinaUl246-91 
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TITLE The Design of Optimal Strategy for Sampling 

Plutonium and Americium in Soils of 
the Operational Unit No 3 

APPENDIX D THE DESIGN OF OPTIMAL STRATEGY FOR SAMPLING 

PLUTONIUM AND AMERICIUM IN SOILS OF THE OPERATIONAL UNIT NO 3 

INTRODUCTION 

More than 120 soil samples were collected and analyzed for plutonium concentrations in surhcial 

soils east of Indiana Street Most of these analyses were performed dunng 1971 and 1975 to 1978 

All of the soil samples were taken from the top soil holvons (0 to 5 cm) using a modmed Health and 

Safety Laboratory (HASL) technique, also known as the Rocky Flat soil sampling protocol This soil 

sampling technique is described in detail in SOP GT 70 This previous sampling effort provides 

excellent data to assess the spatial dependency of plutonium in the soils east af the RFP Recent 
study in soils east of 903 Pad showed linear relationships between amencium (Am) and plutonium 

(Pu) (Am = Pu/623) This estimate takes into account the onginal sotope mDc and mocture age 

(EG&G 1991) Hence the existing information can be used to construct a semi-vanogram for 

designing optimal sampling strategy for plutonium and americium in soils east of RFP 

Plutonium concentration in soils collected in 1971 were somewhat higher than those collected in 
1976 through 1977 (Table D-1) This dffference is probably resulted from the remedial actwnies per- 

formed immediately east of Indiana Street during 1976 as well as typical heterogeneity of plutonium 

distnbution in the soil environment For the purpose of the spatial analysis of actinides in the soils 

east of the RFP the dffference between the two sampling penods was considered negligible and the 

data being kriged was considered a single population Moreover the larger number of observations 

makes the spatial analysis more robust and less prone to computational instabilrty due to outliers 

DEN/FIATS15/011 51 Ou 3FinaV1206-91 



M U l U d  

1m 46 149 168 
1mthrOugh 1977 74 0 76 107 

GEOSTATlsTCAL APPROACH 

By definrtlon, the value ofthe theoretical vanogram ~(h) for a g m  distanoe h, IS the square ofthe 

e x p e a e d ~ b e t w e e n t h e v a k r e s o f t h e s a m p b s ~  bydrstance h 

~(h) = E(Z(x) - Z(X + h)I2 (1) 
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where z(x) and z(x + h) are the values of plutonium at locations x and x + h separated by the 

vector h known as the lag The expenmental semi-variogram can be estimated from the data at 

hand by 

Thus for a gwen distance h, the values of all samples which are separated by h are subtracted from 

each other and the result squared accumulated and divided by the number of pars found This 

gives one point on the semi variogram The distance h is increased and the process is repeated 

wlth a specfied direction A horizontal half window of 90 degrees will effectively cover the entire 

plane and is defined as isotropic semi-vanogram 

Modeling the expenmental semi variogram provides the necessary parameters (I e, nugget, sill, and 

range) for interpolation of soil plutonium concentrations The calculated vanance r(h) between sam 

ples increases with increasing separation distances up to a distance (a) called the range, where it 
levels off to a constant value Samples with separation distance less than the range are spatially 

correlated and those with separation distances greater than the range are statistically independent 

The point in which the semi-vanogram levels off called the sill and IS equal to the overall vanance of 

the sample population The sill is composed of two components C and C, In most soil studies 

+(h) will remain nonzero as h approaches zero which is called the nugget effect (r(h)= C,, h > 0) 

It reflects the inherent random vanation of a contaminant dispersion in the environment that cannot 

be predicted by any method (Clark, 1979) the vanabilrty between sampling points at distance less 

than that actually used or available, analytical error and samples collected from dflerent popula 

tions (depths soil type and other edaphic factors) 

The interpolation procedure known as knging uses the information from the Semi vanogram to find 

an optimal set of weights that are used in the estimation of the surface at unsampled locations The 

knging procedure is optimal in the sense that it provides estimates with minimum vanance or error 

DEN/FLATSlS/Oll 51 OU 3/hnaU12-0691 



andthrsvanancecanitseldbeemmatedwithcertaindegreedconAdencs Themainsourcegaf 

the emor estmaes are (1) number of the nearby samplesl (2) proximity dthe available samples 
(3) spatral arrangement, and (4) the nature of the contam~nant. 

Kngimg can be apptii globally or locally A global apphbon would be to use the data overthe 
entire ate and estimatethe mean forthe site In soil studie9, it b mually pmfmbleto use a local 

(areas) fromwhlch asample was cdlected For example, the krigins estimatOtofthe plutonium level 

at a polnt IC, in geogmphd space is 

estimator, which means calculating the average value dthe regkmakedVanaMe over sot1 blocks 

weighted moving average methods are based on the intuitive notion mat the data values closeSt to 

one problemmththese mahods is de?minig theappqxkmweigtmng function 

the Mockwhere theaverage iscakuiated should r e c ~ ~ ~  more weightthan m o r e d m  pomts. 
Inverse dis- 

tance or square i m  dstancewaght~ngdtre often USBCI, but it Ls dillicultto knawwhichfumon 

IS best. Although knging IS a weighted moving average, Its waghts A, are detemwned using the 

semi-variogram, whlch assures that the kllgmg esttmator is BLUE Moreover, clustered data does 

not introducea bms f kngmg IS used because kngmg takes into account the spatial arrangement o f  

thedata Inaddihon,kngngperrmtsoneto~~ethevarianceofeachestlmadedmeanand, 

hence to assess whether additional data are needed in a given am. The semi-varlogram 
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calculations and the block knging computations were performed by the GEO-EAS program (Englund 

and Sparks 1988) 

The tradrtional method of mapping (hand contounng or computer-generated map) usually produces 

smooth contours that honor the data at known points This technque usually produces a fairly 

erratic contours Geostatlstical techniques will produce a much smoother map that shows the  en 
eral trend of a gwen pollutant A cross section through the tradrtional map wll show the up and 

down necessary to frt a smooth curve through the data whereas the knged Section line will show a 

broad general trend and differs from the data by an average amount corresponding to the nugget 

effect Hence one should not expect to see a knged contoured map that precisely matches all of 

the observed points, but the best unbiased estimate of the general trend of plutonium and 

americium in the soil environment east of the RFP 

SPATIAL DISTRIBUTION OF PLUTONIUM EAST OF ROCKY FLATS PLANT 

The soil plutonium concentrations in soils east of Indiana Street are depicted in Figure D-1 The 

soil plutonium distribution is highly skewed wrth large coefficient of vanation (Figure D 2) A coeffi 

cient of vanation greater than 100 percent indicates the presence of some few high sample Values 

that may have a signrficant impact on the final estimates Most spatial estimatron techniques per- 

form better rf the distnbutlon of data values IS close to normal distnbutlon To achmve thls end, the 

data was transformed using In@) function which greatly reduced the skewness and improved the 

coefficient of vanation (Figure 0-3) Because of the data transformation, lognormal knging was per 

formed This involved estimating the semi-variogram and performing all the knging calculations on 
the transformed data Transforming the loganthmic knging estimates back to the onginal Scale 

gwes estimates of median concentrations (Gilbert and Simpson 1985) To backtransform the data 

to the original una of concentrations in terms of mean concentrations, the following equation was 

employed 

DEWFIATS1 5/01 1 51 OU 3/FinaI/124&91 



where &= IS the tlacktrarrsjorm value for Mock I, Y, is the kgkngd estranate, is the kfiging Vari- 

ancefor the block esbmate The wing vanancefor the blodc estlmatewas computed using the 

f0l-W equstron 

where 

h =lagmenral, 
Co = nuggetvanance 

c =slll 

%=ranse 



Noma1 ProbabllItY Plot for Pu 
Data file ou3 dat S t a t i s t i c s  
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Variance 
Std Deu 
/ c u  
skebmess 
KurtOslS 

Hinimn 
25th / 
Hedran 
15th / 
HaXlnUn 

I io 30 58 70 90 99 

Cumlative Percent 

8 
128 

522 
598 
768 

147 263 
2934 

12188 
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Figure D-2 
Normal Probability Plot for Pu 
Concentrates (Pu/g) in Soils 

East of Indiana Street 



Norm1 plrobability Plot for LN(Pu) 
Data f i le  ou3 dat S t r t 1 s t i c s  
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Cmulatrra b e n t  

Figure D-3 
Log Normal Probability Plot for Pu 

Concmtmtiom (Wg) in Soils 
East of Indiana Street 



28 

16 

I 

h 
0 

k 
fl > 

12 ! 
d 

88 

84 

00 
I 

P 

Distance 

P a r a m e t e r s  

File ou3 pcf 

Pairs 5961 

lnpul Llnlts 

Minrmun 889 
MaXlmUn 1705 



EG&G ROCKY FLATS PIANT M ~ u a l  e 
RR/RI Work Plen for OU 3 

Sectton Appendu D 
kvbion 1 
Page 12 of 17 
EfbctiwIhte 

Category Final Organhrtion Rw 

The spahal vanatton of soil-plutonium east of the RFP did not change Sisniticanuy WIUI directmn, 

whch suggests that the semiyanogram IS essentially tsatropic 

Knging esRHnates mng the exponew 'al model were computed for the soil-plutonium east of the RFP 

(Figure el) Plutdum P higher than the recommended guideline by CDH (0 9 pCl/g) 

forresidenbal areas were obsenred only near the eastern boundary dthe RFF Theooncentratms 

of plutonium decrease rapidly w8h d i i  and in all d~recbons. tt should be noted, that the 
plutonium comemmm depicted in Figure D-1 reprssents the wnditkm that esosted dunng 1971 

to 1978 Figure D-5 illustratesthe kr$ing standard oferroresumateg which are low in the center of 
the sampled area, and whlch verify the goodnessof-fit of the krigins estimates in ths IOcaQlon. 

Large standard of error emmates were observed in the east, south, and north to the RFP, whch 

resulted from msufficIEMt numbers of sample sltes 

A m u m  acceptaMe error of 041 pC4g (see Figure D-6) was set, whrch seems mascmbk fol- 

h n g  the CDH guideline for maximum allowable plutonium umxtmatm in soils d resldenbal 
areas This value sequivalent to a ktiging vanance of0168 which pIovldes an opbmal sampling 

interval of 1750 m forthe grW spacvlg forthe proposed surficial sdl sampling in OU 3 These cal- 
culations m based m part on the RFP sod sampling technique where five subsamples were 

collected from the comers and the center of two 1-m squares, spaced 1 m apart The 10 subsamp- 

detemunatron in the soils d OU 3 will fo#ow the procedure recommended by the CDH This sol1 

sampling technique recommendsthe cmbcbon . of25 subsamptesfrom a 1O-acre areawrthin a spec+ 

ified parcel of land to yleld a angle composite sample The sample locahons should be more or 

less evenly spaced within the area The difference in block (area) sue between the two techniques 

intraduced some uncertrunty in the above calculations. Hence we recommend reducingthe Opbmal 

sampling interval for 1 OOO m between 1- plots to fadlrtate a moreconsenratlve gridspacing for 

the sumcfal sdl sampling d OU 3. Because the semi-vsnogram was sotropic, the 1,OOO m gnd 

space mll be used in all directions in the soHs of OU 3 east o f  the f?FP Krey and Hardy (1970) 

published a plutonium-239 map that showed the locatron of the lowest plutmum coneemah 

w(K8 c0rn-d ( 5 9 0 0 0  d) for radbnudides analyses sudkid 8 d  fbr pknonlum 

DENIFlAlS1~1151 OU 3JFinaVl20691 



Figure 0-5 
Kriging Standard of Error Estimates 
for Pu in Soils East of Indiana Street 
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Plutoluurn 238 and 2391240 

1 0  EXECUTIVE SUhlVXRY 

Surface soils on three gravel lease properties located within the Rocky Flats West Buffer Zone 
were sampled and analyzed for the plutonium isotopes 238 and 239/240 (see Figure 1 for 
property location) Colorado Department of Health (CDOH) operating procedures for 
plutonium sampling were strictly followed (Reference Surface Soil Sample Collection, Version 
1 0, July 10,1989, CDOH) The laboratories used were sanctioned by EG&G (The Department 
of  Energy's prime contractor for operating the Rocky Flats Nuclear Weapons Plant) with 
respect to QA/QC and laboratory analytical procedures EGdG personnel inspected Western 
Technologies, Inc (WT) field sampling protocol and approved the procedures 

No plutonium isotopes were detected above the CDOH action level Plutonium concentrations 
in the surface soils on the subject properties are indicative of background levels resulting from 
atmospheric nuclear weapons testing 

The following conclusions are reached 

1 Plutonium concentrations in surface soils on the subject properties are below the CDOH 
action level (1 e 2 0 disintegrations per minute per gram, which is equivalent to 9 pic0 
Curies/gram) as put forth in "Rules and Regulations Pertaining to Radration Control, 
R H  4 35 1" 

2 Mning and related construction activities on the subjeot properties will not require any 
special construction techniques or mitigation because plutonium Concentrations arc 
below the CDOH action level. 

3 Based on the data presented herein, no public health and safety hazard exists as a result 
o f  disturbing (e g. mining, grading etc ) the soils on the subject properties 
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2 0 IYTRODUCTIOU 

Western Aggregates Inc is contemplating sand and gravel mining on approximately 478 acres 
of land located on the Rocky Flats West Buffer  Zone (Figure 1) The property is subdivided 
by the names o f  the owners o f  the gravel leases Spicer, Conda, and lMcKay Surface soils were 
sampled and analyzed for the plutoniumisotopes 238 and 239/240 to insure public, worker, and 
customer safety 

The sampling program was in strict conformance with the Colorado Department o f  Health, 
Radiation Control Divisions' requirements as put forth in  their document entitled "Surface Soil 
Sample Collection, Version 1 0, July 10,1989" EG&G personnel approved the laboratories used, 
the sampling protocol and conducted field oversight o f  the sampling procedures EG&G 
provided W T  with a list o f  approved radionuclide laboratories from which Scientech, Inc and 
Controls for  Environmental Pollution Inc were selected Two laboratories were selected at the 
recommendation o f  EG&G personnel for quality control purposes A total o f  54 soil samples 
were collected and analyzed (48 samples plus 6 split samples) The samples were collected from 
October 30 through November 1 1990 

0 3 0 PLUTONIUM SAMPLING 

The gravel lease properties were divided into fifty (50) sectors, each containing approximately 
10 acres (see Figures 2 and 3 for  sector locations) The 160 acre Conda lease was divided into 
16 sectors, designated as WAI-C-I through WAI-C-16 The 128 acre McKay property was 
divided into 12 sectors, designated as WXI-M-I through WAI-M-12 The 190 acre Spicer 
property was divided into 22 sectors, designated as WAI-S-1 through WAI-S-22 

Prior to sampling, WT personnel clearlv marked each of the sector corners with survey lath and 
fluorescent paint Twenty f ive (25) plutonium sampling locations were selected in each of the 
sectors based on the following criteria 

- Sampling points were selected in  relatively f lat  open terrain Special care was 
taken to avoid choosing sampling points near topographic features that would 
inhibit wind deposition of airborne plutonium from the Rocky Flats Plant 

PmJgt humber 769-0K-077 
January 7,1991 
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- Surface soil conditions appeared to have remained undisturbed for scvtral years 
Soil was not sampled on two o f  the Conda sectors (WAI-C-2 and WAI-Cd), 
because these areas had been disturbed by recent mining activities 

. Sampling locations were evenly spaced within each sector, except in sector WAI- 
S-22, which contained deeply incised surface drainages Ali sampling points 
were plotted in the field and are shown on Figures 2 and 3 

Each sampling sector covers approximately 10 acres, although some are odd shaped due to the 
property boundary The sampling points shown on Figures 2 and 3 are approximately located 
as they were paced off  i n  the field Neither the sampling sectors nor the sampling points were 
surveyed Soil samples were not collected from areas disturbed by on-going mining activities, 
roads, or steeply incised drainages 

3 1  Plutqgiym S m n o  Procedureg 

Forty eight (48) composite soil samples and six (6) split samples were collected €or laboratory 
analysis Each o f  the samples were individually composited from soil collected at 25 sampling 
points located within each sector 

The individual soil samples were collected using a stainless steel sampling device from the top e 
1/4 (0 25) inch o f  soil, within a surface area 2 inches wide and 2 3/8 (2 375) inches long W T  
personnel donned clean disposable latex gloves, and positioned the stainless steel template into 
the soil, so that the soil surface was even with the upper surface o f  the template The stainless 
steel sampling spade was placed at the opposite end from the curved sample collection scoop, 
and carefully drawn forward towards the curved end Special care was taken to assure that 
the entire volume (1/4 inch deep, 2 inches wide, and 2 3/8 inches long) was properly collected 
into the curved sample collection scoop The curved end of the template was gently placed into 
a plastic sample collection bag, and the sample was slowly poured into the bag Soil that 
adhered to the template was brushed into the container The  composite sample container was 
sealed, and the sample location was plotted on the map WT personnel then proceeded to the 
next sample point 

Split samples were collected from the following sectors, WAI-C-I, WAX-C-I 4, WAI-M-6, WAI-M- 
8, WAI-S-16, and WAI-S-22 The split samples were cornposited from 25 sample locations in each 
of these sectors using the above procedures At each sample point, the soil sample was divided 
evenly between two composite sample containers 



Hestern 4gmgates, Inc 
Plutonium 238 and 239/240 

The stainless steel template and spadc were thoroughly cleaned before sampling each sector 
using non phosphate soap and triple rinsed with deionized water The 48 composite soil 
samples were labeled a n d  sent to Scientech Laboratories i n  Carrollton, Texas,  for  analysis As 
a quality assurance measure the s i x  split samples were sent to  CEP Laboratories in Santa Fe ,  
New zlexico 

4 0 PLUTONIUM SAMPLING RESULTS 

T h e  soil samples were analyzed f o r  Plutonium 238 and 239/240 using alpha spectroscopy Table 
1 summarizes the laboratory analytical data by lease property T h e  Appendix contains the 
laboratory reports a n d  chain o f  custody forms 

T h e  lower limit o f  detection (LLD) f o r  the analytical procedures used varied from 05 pCi/gm 
to 4 pCi/gm This  is a n  important point because i n  a l l  cases the LLD was suf f i c ient  to 
determine compliance with the CDOH action level 

Plutonium 233 (Pu 238) values ranged f rom 0 pCi/gm (not detected above the detection limit) 
to 550 pCi/gm (in Conda Lease Sector C-14) Plutonium 239/240 (Pu 239/240) values ranged 
f r o m  0 pCi/gm to 695 pCi/gm (in McKay Lease Sector M-9) I n  no case were CDOH action 
levels exceeded 

Split  sample results are reasonably consistent although C-14A a n d  C-14B varied from 0 pCi/gm 
to 0 550 pCi/ gm respectively Conversations with Ms K a r e n  Schoendaller o f  EG&G revealed 
this is  not uncommon, due to the non homogenous nature o f  airborne deposition o f  plutonium 
These  results are  not interpreted as laboratory problems 

5 0 CONCLUSIONS 

All samples were collected using appropriate protocol a n d  were analyzed by qualif ied 
laboratories T h e  LLD was sufficient  to determine compliance with CDOH action levels T h e  
results are  consistent with previous, limited sampling performed by the Department o f  Energy 
i n  the same general vicinity T h e  results presented herein a r e  believed to be an accurate 
representation o f  plutonium concentrations in  surface soils on the subject  property Plutonium 
concentrations are known to decrease dramatically with depth 
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Based on the data presented in  this report the following conclusions are reached 

1 Plutonium concentrations in  surface soils on the subject properties are below the CDOH 
action level (1 e 2 0 disintegrations per minute per gram, which is equivalent to 9 pic0 
Curies/gram) as put forth in "Rules and Regulations Pertaining to Radiation Control, 
RH 4 35 1" 

2 Mining and related construction activities on the subject properties wil l  not require any 
special construction techmques or mitigation because plutonium concentra trons are 
below the CDOH action level 

3 Based on the data presented herein, no public health and safety hazard exists as a result 
of dsturbing (e g. mimng, grading etc 1 the soils on the subpct properties 
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‘-?E 1 cwrary cf Plutoniun Test Results 

S-”?L I h‘C ANALYTES (1) 
LttnT IChS 

CClrDA LEASE Pu 238 
SECTOR C 1A (2) 0 

C 18 <O 05 
c 2  (3 1 
c 3  0 
c 4  0 
c 5  0 0577 
C 6  (3) 
c 7  0 147 
C 8  0 204 

c 10 0 
c 11 0 
c 12 00883 
C 13 0 0579 
C 14A 0 
C l L 3  0 550 
C 15 0 00814 
C 16 0 124 

c 9  a 0637 

Mcur LEASE 
SECTOR M 1 

M 2  
M 3  
M 4  

H 5  
M 6A 
M 68 
n 7  
H i?A 

H 88 
M 9  
H 10 
M 11 
n 12 

Pu 238 
0 193 
0 211 

0 
0 
0 

o 0835 
0 270 

0 
0 

<o 05 
0 0347 
0 0106 

0 
0 285 

Pu 2391240 
0 

eo 05 
(3) 

0 0286 
0 0974 
0 0019 

(3) 
0 0194 
0 0424 
0 0021 

0 
0 151 
0 221 
0 232 
0 161 
0 260 
0 141 
0 153 

Pu 2391240 
0 0551 
0 079 
0 424 
0 106 
0 193 
0 0501 
0 070 
0 187 
0 151 
co 05 
0 695 
0 106 
0 0167 
0 327 



TABLE 1 (CONTINUED) 

SPICER LEASE 
SECTOR S 1 

s 2  
3 3  
S 4  
s 5  
S 6  
S ?  
5 8  
5 9  
5 10 
s 11 
s 12 
S 13 
s 14 
s 15 
s-16A 
5 168 
5-17 
s 18 
s 19 

s 20 
s 21 
s 22h 
s UB 

PU 238 
0 0103 

0 
0 0879 
0 0366 

0 
0 
0 
0 

0 0159 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

40 os 

eo os 

Pu 239/240 
0 lf5 

0 055 
0 175 

0 
O M 0 2  
0 0498 
0 0398 
0 143 
0 0161 

0 
0 063s 
0 0657 
0 0965 

0 
0 0399 
eo os 
0 0614 
0 0112 
0 o w e  

0 152 
003% 
0 0318 
0 290 

0 

NOTES 
(1) ALL units are in pic0 curies/gr# (pCi/gmI 
(2) Samples 1rbell.d A and B are split $-le8 

Samples with th8 A bigrution were uulyzed by Scientech, Inc 
Suaples with the 0 designation were analyzed by C E P, Inc 
A l l  ocher swpla were 8rmlyred by Scientech, Inc  

(3) tdo sunplcr collected in these rectors because soil was 
disturbed by recent ainhg activities 

The Colorado Department of Health, Radiation Control Division, has 
established an action Level for plutoniun contrPinatien of 
2 0 dirint8grationt per m : M e  per gram <dpn/pl) 
to 0 9 pCi/pm 

This IS  equivalent 
None of the 34 8-1- uulyted exceeded this strnlrrd 

.-_%-A- 



EVGlNEERlNG a MANAGEUENT SERVICES 
2‘CS LUNA RCAD ‘390 CARROLLTOV ix 75006 
‘214: 227 17’4 FAX (2141 267-0256 

4 8  SOIL SAYPLES DATE RECEIVED 1 1 / 1 5 / 9 0  

SEDORT Or 1\1LvS!S 

i\L ~ 0 %  90-0813 

1 2 / 2 8 / 9 0  

S S P L E  I D AVALYSIS COVCEYTRATIOY EPROR EST LVITS LLD UV I TS 

\\ 11-C-PL- PU-238 O C O E - 0  8 78 E - 2 DCi/g 2 S - 7 uCr/g 
14 PU-239 000:-0 3 01 E - 2 $i/g 1 E - 7 GC,/,P 
1 \ 1. 13932 PL-240 c 

I\ A : - c- 7:  - PL-238 G 3 i Z - 2  
9 PL-239 2 - 0 : - 3  
i \ L 1 2 9 3 3  PC-240 J 

I\ 4 : - C - 3; - PL-238 C ) C S Z - S  
1c PL-239 3 3 3 : - c  
4 ‘\ - -1339 PU-210 4 

Deputy Dir$tor, Laboratory 



BCIENTE~H ~NC 
ENGINEWING a MANAGEM sunnc~s 
2‘05 LUNA ROAD ‘390 -%tJ TX 75006 
(214) 247 1714 FAX (214) 2474268 

\\ESTER\ TECH\OLOGIES L \ C  10275 

48 SOIL SAYPLES DATE RECEIVED 11/13/90 

A I L  JOaZ 90-0543 

12/28/90 

SAWLE I D AYALYSIS COSCEVTRATIOV ERROR EST LVITS 

I\ 91 -c-PC- PU-238 0 00 E - 0 1 04 E - 1 pCi/g 
11 PU-239 1 31 C - 1 1 06 E - 1 pCi/g 
4 \ L 12940 PC-240 * 

I\ 1 I -c-PC - PU-238 8 83 S - 2 1 87 E - 1 pCi/g 
7 PC-239 2 21 z - - 1 T i  E - 3CiIg 

4 \ L 12941 PL-240 * 
-- 

- 
fi AI-C-PL- PC-238 3 79 E - 1 1 as G - - pci/g 
- 3  PL-239 2 32 E - 1 1 44 E - 1 3cl/g 
4 \ L 12942 PL-240 * 
I\A I - C -PL - PC-238 0 00 E - 3 2 33 E - 2 $ i f $  
LTCA PU-239 1 4 1 E - l  3 88 E - 2 X l / g  
4 \ I. 12343 PL-240 * 

\\ I\ 1 -“-“L - PL-238 1 93 f - 1 I 91 E - 1 ?cl/g 
1 1 32 E - 1 cCi’g 
A \ L 1291G PC-240 * 

PC-239 5 3 ,  E - 2 

LLD WITS 

2 5 - 7 uci/g 
1 E - 7 uCi/g 

3 E - 7 ;Ci/g - 7 f - i ~ C l / g  

2 E - i LCi/g 
2 E - 7  L C , ~  



0 ALIENTECH INC, 
EYG’NEESING a NANAGEMEYT SERVICES 
2105 LUNA ROAD ‘390 CARROLLTOV 7% 75036 
(21s) 247 1714 FAY (214) 247-0268 

48 SOIL SWPLES DATE RECEIVED 11/15/90 

SAYPLE I D AUALYSIS COYCEYTRATIOV ERROR EST UYITS LLD UVITS 

11 A 1 -‘f- 3L - PU-238 O O O ~ - O  r 20 z - 1 $1/g 4 E - 7 u L ’ g  
U 3 PC-239 “ 2 3 E - l  2 63 E - 1 pCl/g 3 E - 7 UCl/g 
4 \ L 12948 PL-240 

Deputy Directof, Laboratory 
I 



BCIENTECH INC 
EWGINEERINQ & MAUAGMNT SERVICES 
2105 LUNA ROAD 83OO CAAROUTON l% 7SOOS 
( 2 1 A )  247 1714 FAX (214) 2470280 

9EDCRT OF A U L L S I S  

X\t JOB= 90-0843 

12/28/90 

4s sorL SAYPLES DATE RECEIVED ii/i~go 

SAYPLE r D mwsrs COVCEYTRATIOV ERROR EST WITS LLD WITS 

M I - Y - D C -  PC-238 0 00 E - 0 3 14 E - 2 pCi/g 5 E - 8 UCi/g 
11 PC-239 1 67 E - 2 3 68 E - 2 $i/g 4 E - 8 uCl/g 
1 \ L 12956 PU-240 * 
WXI - x - x  - PC-238 2 83 T, - 1 2 39 E - I oci/g 3 E - 7 uC1/g 
12 DL-239 3 27 E - 1 1 83 E - 1 $f/g 2 E - 7 uC-/g 
4 \ 1. 12957 PL-210 * 

PC-238 1 0 3 E - 2  3 19 c - 2 oc:/g 3 s - 8 uCf'g 

h AI-S-PL- 

4 \ L ,2933 
3 - W-238 

PC-239 
Qt-210 

PC-238 
DL-239 
Pt-240 

DL-238 
PL-239 
PL-240 

Pt-238 
PC-239 
PC-240 

~ ~ - 2 3 8  
DL-239 
PL-240 



' ACIENTECH iNt. 
ENGINEEG'NG a MANAGEMENT SERVICES 
21C5 LUNA RCAD '390 CARROLLTON TX 75006 
(210) 247 17'4 FAX (214) 247 0268 

TEPCRT OF A U L Y S I S  

4\L JOEI-' 90-0843 

12/28/90 

48  SOIL SluPLES, DATE RECEIVED 11/15/90 

SAYPLE I D AYALYSIS CO\CEVTRATIOY ERROR EST LYITS LLD WITS 

\<A I -S - "L - DC-238 o c o c - 0  6 39 E - 2 pCl/g 1 E - 7 uCi/g 
7 PU-239 4 98 E - 3 7 25 E - 2 ?cl/g I 3 - 7 .;Ci/g 
I \  1296" PI;-240 * 



BCIENTECH INC. 
EWGlhEERJNG (L MANAGEMENT SERVICES 
2 05 LUNA ROAD '390 CARROLLTON l% 7 m  
(214) 247 1714 FAX (214) 2470268 

REPOV OF X\ALlSIS 

X\L JOB-' 90-0343 

12/28/90 

ItESTESI TECd\OLOGIES I\C 10273 

48 SOIL SAYPLES DATE RECEIVED 11/15/90 

SAVLE I D 

W41-S-PL- 
13 
A \ I, 12972 

kXI-S-PL- 
164 
1 \ I. 12973 

AYALYSIS COICEYTRATIOV ERROR EST L'YITS 

PU-238 
PC-239 
PL-240 

PC-238 
Pt-239 
PC-240 

PL-238 
PC-239 
PL-240 

PL-238 
DC-239 
nt-240 

PL-238 
PL-239 
DL-210 

PL-238 
W-239 
PL-240 

PC-238 
PC-239 
Pt-240 

PL-238 
Pt-239 
PL-240 

O O O E - 0  
O O O E - 0  
a 

O O O E - 0  
3 9 9 E - 2  
0: 

O C O E - 0  
6 1 4 5 - 2  * 

3 C 3 E - 9  
I - 2 : - 2  ..I 

* 

O O C E - 3  
8 5 - E - ?  
A 

$ S C 5 - 3  
- 5 2 : - -  
* 

O 3 0 f - 9  
3 3 * : - : !  - 
* 

C 3 C E - 3  
3 - 3 : - 3 -  
X 

i 33 E - 2 X L ' g  
3 32 E - 3 acr/g 

1 04 E - 1 X i ' g  
9 96 E - 2 ? C I  'g 

LLD LTITS 

2 E - 7 uCi/g 
2 E - 7 &l/g 

- c1 2 : -  I - 4  
1 E - F uC-'p 
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